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ADVANCED CONCEPTUAL DESIGN REPORT FOR 
PROJECT W-521. WASTE FEED DELIVERY SYSTEMS 

1.0 INTRODUCTION 

In 1998, the U.S. Department of Energy (DOE) established the River Protection Project 
(RPP) to retrieve, immobilize, store, and dispose Hanford Site tank wastes. The mission of the 
Waste Feed Delivery (WFD) Program is a subset of the RPP mission. The WFD Program will 
reliably deliver the required quantities of tank waste feed to the treatment and immobilization 
facilities on schedule, within specifications, and in conformance with regulatory, safety, and 
contractual requirements. The WFD Program has primary responsibility for designing and 
constructing the facilities that are necessary for waste preparation, waste retrieval, and transfer of 
low-activity waste (LAW) and high-level waste (HLW) feed to the Waste Treatment Facility 
(WTF) waste treatment and immobilization facilities. The WFD Program consists of a number 
of recently completed, ongoing, and planned capital projects that will modify and upgrade the 
200 Area Tank Farms and facilities. 

- 

Phase 1 WFD, as defined in HNF-SD-WM-SP-012, Revision 1, Tank Waste Remediation 
System Operation and Utilization Plan (Kirkbride et al. 1999), will support the RPP mission by: 
1) staging LAW feed, 2) staging HLW feed, 3) supplying this staged feed material to the WTF, 
4) receiving various final and intermediate waste products from the WTF, and 5) receiving 
miscellaneous waste streams. Phase 1 WFD will also make double-shell tank (DST) space 
available for single-shell tank (SST) waste retrieval. A number of recently completed, ongoing, 
and planned capital projects will modify and upgrade the 200 Area Tank Farms to accomplish 
the WFD Phase 1 mission. These capital projects include Project W-211, “Initial Tank Retrieval 
Systems”; Project W-314, “Tank Farm Restoration and Safe Operations”; and Project W-519, 
“Tank Waste Remediation System Privatization Phase I.” The focus of this report is to refine the 
cost estimate associated with capital Project W-521 through a series of technical tasks. 

The mission of Project W-521 is to upgrade existing systems or provide additional 
systems and equipment necessary to complete Phase 1 WFD for tanks 241-AW-101,241-AW- 
103,241-AW-104,241 -AY-1 01,241-AY-102,241 -SY-101,241 -SY-I 02, ind 241 -SY-I 03. 
Project W-521 is a subproject of Line Item 94-D-407. 

RPP-6333, Revision 0, Project W-521 Waste Feed Delivety System Conceptual Design 
Report (CHG 2000a), was completed in July 2000, which provided detailed drawings and 
specifications for accomplishing the scope of Project W-521 as defined in HNF-4408, 
Revision 1, Project Definition Criteria for Project W-521, (CHG 2000b). 

- 

_I___ ..- 
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Within the CDR, a project estimate for the various sub-activities was provided. This 
estimate serves as the formal cost baseline for the project, and is what all cost 
reductions/additions identified in this report will be compared against. 

The current CDR estimate for the Total Estimated Cost (TEC) for project management, 
engineering, long-lead procurement, and construction (including site allocations, escalation, and 
contingency) is $327,990,000. Expense funded support costs (including escalation and 
contingency) are $44,320,000. The Total Project Cost (TPC) (including site allocations, 
escalation, and contingency) is $372,300,000. 

A review of Project W-521s Conceptual design was performed. The results of this 
review were captured in RPP-7196, Design Review Report for the Project W-521 Conceptual 
Design. There are several open items in this report that were to be addressed in the ACDR. 
A review was to be performed prior to issuing the ACDR to assure all of the open items 
that were to he addressed in the ACDR were actually fully addressed. However, W-521 is 
being delayed for several years. To facilitate the restart effort, the ACRD is being issued 
without this review. Prior to any part of this ACDR being used, a review of the most 
current revision of RPP-7196 is required to assure all open items for that part have been 
properly addressed. 
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2.0 PURPOSE OF ADVANCED CONCEPTUAL DESIGN 

During preparation of the CDR, technical and programmatic requirements associated 
with the WFD Program were rapidly evolving. This resulted in a number of areas where risks 
were identified from a technical and, ultimately, a cost perspective. An Advanced Conceptual 
Design (ACD) effort was initiated to: 

0 Evaluate the impacts of changing technical requirements on the drawings, specifications, 
etc., and revise the appropriate documentation including the cost estimate, 

Resolve selected uncertainties identified in the CDR, thus allowing reduction of selected 
contingencies, 

Incorporate selected comments received during Conceptual Design, but not incorporated 
for various reasons, and 

Explore identified alternatives where cost savings appeared realistic. 

This report is the product of the ACD (including the attachments hereto). It provides 
updated technical documentation for the performers of Title I Design to assure a smooth 
initiation of activities, and provides preliminary modifications to the cost estimate for 
incorporation at the time of the next estimate update. - 

3 
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3.0 ADVANCED CONCEPTUAL DESIGN METHODOLOGY 

The Request for Proposal and, ultimately, this report, identified a series of 16 specific 
activities to be performed. Each activity was treated as a stand-alone subtask with an identified 
scope, schedule, and Lead Engineer. These subtasks all provided technical data for potentially 
updating the cost estimate and refining scope. Upon completion of each subtask, a brief report 
was prepared identifying options reviewed and resulting recommendations. These technical 
reports were reviewedapproved by CH2M HILL Hanford Group, Inc., personnel and appropriate 
estimate data prepared to support the final update to the cost estimate. Technical and cost 
information from each completed subtask was then integrated with the overall design package 
[drawings, estimate, System Design Description (SDDs), etc.]. This report provides the 
individual task reports, revised summary estimate, revised drawings, and selected other data as 
attachments. The results of ACD, combined with the CDR, provide a firm basis for initiation of 
Title I Design. 

4 
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4.0 TASK DESCRIPTIONS 

The DST system has numerous subsystems established within it. Project W-521 will 
provide upgrades and modifications to the following nine systems for waste preparation, waste 
retrieval, waste transfer, and process control: 1) Diluent and Flush System, 2) Mixer Pump 
System, 3) Transfer Pump System, 4) RPPNTF Transfer Piping System, 5) Piping, Jumper, and 
Valve System, 6 )  Retrieval Control System, 7) ValvePump Pits and Cover Block System, 
8) ElectricaVWater Utilities System, and 9) AY/AZ Ventilation System. Various uncertainties 
remained after completion of the CDR. To resolve these uncertainties, 16 specific tasks were 
identified, which involved performing additional analysis and reviews and then determining if 
any of these enhancements will have an effect on the project cost and schedule. A summary 
description of each task follows (including technical results and cost summaries). 

4.1 Valve Type Analysis 

4.1.1 Scope 

This task investigates various configuration options for the two-way and three-way 
valves to be installed in the process pits by Project W-521. 

The current concept is to use readily available valves equivalent to those being used by - 
Projects W-211 and W-314. There have been issues raised with these valves, however, 
regarding the operability and reliability in the tank farm environment. This task evaluates 
available valves and makes recommendations as to the most appropriate valve for use, 
configuration of valves, and additional testing to amve at an optimum system. 

The main activities performed during the Valve Type Analysis were: 

Preparing a list of pertinent valve functions and requirements. 

Contacting various valve vendors for information relative to their product being able to meet 
the requirements. 

Reviewing other sources for pertinent documentation such as commercial nuclear facilities, 
other DOE projects, and published reports. 

Reviewing available data on material responses to radiation fields. 

Preparing a test and evaluation plan for this activity. 

Establishing a small test program at a vendor’s facility. 

’ 



RPP-7069 
REVISION 0 

4.1.2 Technical Results -. 

The ACD schedule did not allow enough time for a detailed evaluation of various valve 
types. This task, however, completed the preparation of a procurement specification and test 
plan to support detailed testing of two- and three-way valves at the start of Definitive Design. 
From discussions with various vendors, it appears that the concerns that initiated this analysis 
(ix., leaking stems and seats; high torques) can be eliminated. 

In addition, this analysis determined that using the three-way valves in the process pits 
was recommended over using all two-way valves. The primary resons for this recommendation 
were the concerns with waste buildup in the dead leg pockets created by using all two-way 
valves, and the complex pit arrangements that this option creates. See Attachment A for details. 

4.1.3 Cost Summary 

The recommendation to stay with all three-way valves will have no cost change impact to 
the CDR estimate; however, if testing of the valves during Definitive Design shows that the gear 
operators can be eliminated on the two-way valves in the valve pits, this will have a cost savings 
of approximately $1,546,000. It is highly likely that this will be acceptable, and the reduction of 
$1,546,000 can be achieved. 

- 
4.2 Mixer Pump Impingement Force on In-Tank Equipment 

This task evaluates the impingement forces imposed on in-tank equipment during mixer 
pump operations. The assumptions that were made during the CDR phase can now be confirmed 
based upon data from recently completed tests. 

Activities involved with this task included: 

Reviewing the existing analyses. 

0 

0 

0 

Researching existing and planned component locations and configurations. 

Estimating the acceptable forces on the components. 

Calculating the expected forces on the components. 

Preparing an evaluation report 

4.2.1 Technical Results 

The results of this evaluation include confirmation that there are no impingement force 
concerns in AW, and that selected components should be removed from tanks in 241-AY and 
241-SY farms. Certain operational controls will also be required in AY tanks. See Attachment 
B for details. 

.-. 
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- 
4.2.2 Cost Summary 

The cost changes associated with this task have all been incorporated in the related Task 
12, LLCE Component Evaluation (see Attachment L to this report). 

4.3 Heating, Ventilation, and Air Conditioning Scope Refinements 

This task reviews the scope and design approach used for the 241-AY and 241-AZ 
ventilation systems. This task determined if there was a more cost-effective manner in which to 
accomplish portions of this work. 

The key activities involved with this task are shown below. 

During Conceptual Design activities, a regulatory interpretation recommended installing a 
hl ly  redundant secondary train in the primary ventilation system. This revision was captured 
in the CDR. This task assesses the reliability of the primary ventilation system relative to its 
ability to support waste transfer to the WTF and recommends the minimum upgrades to 
achieve the goal. This task includes performing a cost-to-benefit analysis of incrementally 
reducing the number of redundant components contained in the Conceptual Design. 

The Conceptual Design includes a new catch tank and lift station that will transfer ventilation 
condensate to the 241-AY and 241-AZ tanks. This task considers options for reducing the 
cost of this design. 

The Level 2 Specification for ventilation requires that the 241-AY and 241-AZ annulus 
ventilation systems provide a minimum of 850 CFM through the annulus slots of each tank. 
The existing 241-AY and 241-AZ annulus ventilation systems do not comply with this. This 
task considered several options to achieve the require flow rate. The task develops cost 
estimates for implementing the preferred option. 

This task reviews the ventilation design shown in the CDR and compares the modifications 
with the requirements of the Level 2 Specification for Ventilation. 

- 

4.3.1 Technical Results 

The results of each of the four activities are: 

The cost-to-benefit analysis concluded that modifications contained in the CDR are 
unnecessary. Rather, the potential of system failure can be sufficiently mitigated through the 
practice of increased maintenance during DST pre-transfer operations. 

Rather than installing a new lift station, this activity recommended installing a pump in the 
241-A-702 seal pot. This approach is much more cost-effective than installing a new lift 
station. 

.- 
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The activity revealed that the 241-AY and 241-AZ annulus ventilation systems should be 
modified to achieve the higher flow rate. The modifications should add a supply fan to each 
of the existing annulus ventilation systems. 

The activity concluded that the Conceptual Design complies with the Level 2 Specification 
for ventilation. 

- 

Detailed information is provided in Attachment C. 

4.3.2 Cost Summary 

A total reduction of more that $8 million from the CDR estimate results from 
implementing these recommendations. A final decision on implementation is expected from 
CHG prior to initiation of Definitive Design. 

4.4 Refine 241-A2151 Decommissioning 

This task reviewed and refined the approach used for the 241-AZ-151 decommissioning 
to determine if there is a more cost-effective manner in which to accomplish this work. 

Activities involved with this task included: 
I 

Reviewing applicable regulations for decommissioning the tank. 

Evaluating how the tank can be decommissioned and compared various methods of 
accomplishing the decommissioning. 

Preparing an Alternative Generation Analysis (AGA) report that documents the preferred 
method of decommissioning the catch tank. 

4.4.1 Technical Results 

The recommendation are as follows: 

Stabilize the tank by pumping tank liquid and removing tank equipment, 

Isolate the tank by cutting and capping the inactive incoming lines at the tank and rerouting 
the active process condensate line, and 

Monitor the tank by utilizing and the existing ENRAF monitoring system. 

The combination of these recommendations would result in successful initial 
decommissioning. See Attachment D for details. 

8 
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- 4.4.2 Cost Summary 

The recommended approach to decommissioning this catch tank is consistent with the 
concept proposal in the CDR (with minor variations). No change to the cost baseline will result 
from this task. 

4.5 Comparison of Fuel Oil Boiler to Electric Heating System 

This task investigated the use of an electrical water heater for the 241-AW diluent and 
flush system versus the CDR approach, which utilized a fuel oil boiler, to determine the most 
appropriate method of heating. The review considered all new or revised requirements from the 
Level 2 Specifications and incorporated the new data available from electrical loading 
calculations, etc. 

Activities involved with this task included: 

Determining ranking criteria. 

Preparing an AGA report. 

4.5.1 Technical Results 

Determining the requirements for diluent and flush water heating. 

Ranking electric heating versus fuel oil heating. 

The recommendation are to install additional electric heating capabilities in the SY 
diluent system, and redesign the AW diluent system from a fuel oil fired boiler to an electric 
system. Several deviationdchanges to the Level 2 Specification must be made, as well as 
changes to transformer sizes, etc. See Attachment E for details. 

4.5.2 Cost Summary 

A reduction of approximately $71,000 will result from this task. 

4.6 Optimize the Caustic Diluent Pad Design to Minimize the Accumulation of Water 

This task consisted of refining the design for the caustic diluent system pad and sump to 
minimize the accumulation of water and miscellaneous debris within the sump and provide for 
easy removal of these items from the sump. This will help keep the system in a more operable 
condition and will minimize the generation of unnecessary waste. 

9 
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Alternatives that were considered included: 

0 Use of a roof over the pad and sump area. 

0 Modifications to the containment structure. 

Lighting options. 

Waste removal systems. 

4.6.1 Technical Results 

The reconfigured pad (including a shelter) provides a more compact and operationally 
friendly layout for accommodating the revised heating approach explained in Attachment E and 
for providing regulatory compliance and risk reduction. See Attachment F for details. 

4.6.2 Cost Summary 

An increase of approximately $417,000 initial cost will result from this task. This 
increase, however, is warranted when the operator improvements and minimization of waste are 
considered. The proposed redesign also reduces risks in the SY Farm, although no reduction in 
contingency has been applied. 

4.7 Mixer Pump Analysis to Support Procurement Specification Preparation 

This task involved evaluation of criteria and certain critical parameters associated with 
the Project W-521 CDR procurement specifications that may affect the original CDR content, 
estimate and schedule. Specifications potentially affected include the Mixer Pump, Transfer 
Pump, and In-tank Camera specifications. 

Activities involved with this task included: 

Researching past tank mixing results from all available sources, such as Project W-151, 
“Tank 241-AZ-101 Mixer Pumps,” Savannah River, Oak Ridge, etc., to determine whether 
lower horsepower mixer pumps or a fewer number of mixer pumps can be utilized to 
effectively mix tank waste. 

Determining changes required in the specifications (and other affected documents) due to 90 
percent CDR review comments. 

Evaluating schedule coordination of procurement and construction activities. 

Incorporating changes due to release of the Level 2 Specifications and the results of ACD 
subtask analyses for the subject systemskomponents. 

10 
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4.7.1 Technical Results ”. 

The recommendation is to continue the approach of installing two mixer pumps in all 
tanks within the Project W-521 scope. This includes reducing the number of pumps in Tanks 
AY-101 and AY-102 from 4,150 hp pumps in each tank to 2 reduced diameter, 300 hp pumps in 
each tank. The mixer pump procurement specification was revised to include the evaluation 
results, the Level 2 Specification changes, and to make the document consistent with current 
RPP reporting format. Only the mixer pump specification required revision as a result of the 
ACD effort. Attachment G contains the evaluation report and the revised specification. 

Note that Task 2, (Attachment B) Mixer Pump Impingement Force on In-Tank 
Equipment supplied key input to this task. 

4.7.2 Cost Summary 

A total reduction of more than $1 1.7 million from the CDR estimate results from 
implementing these recommendations. A final decision on implementation is expected from 
CHG prior to initiation of definitive design. 

4.8 Survey of Transfer Route 

This task evaluated the route chosen for the transfer lines between the new 241-A€’-A ,- 

valve pit and the WTF during Conceptual Design to confirm that it is the optimal path. 

The main focus of this task was to perform a preliminary route survey of the comdor 
chosen during the Conceptual Design phase. Prior to performing this route survey, additional 
field walks and reviews of historical drawings were performed to determine if any interferences 
exist. HNF-5371, Revision 1, Site Development Plan For Project W-521, Waste Feed Delivery 
Systems (CHG ~OOOC) ,  was reviewed for any useful information. Obstructions or inconsistencies 
found by the route survey will be investigated by use of potholing, ground-penetrating radar 
scans, and further document searches. 

The preliminary route survey was used to: 

0 Find the optimum combination of alignment and grades along the chosen route, 

Avoid any existing physical obstructions, including wells and the 216-A-29 ditch and 

4.8.1 Technical Results 

Prepare an accurate estimate of earthwork quantities. 

(Awaiting resolution of interface issue with WTF.) See Attachment H for details. 

11 
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4.8.2 Cost Summary 

No changes to the cost baseline have currently been identified. If, however, the tie-in 
coordinates are relocated as proposed, approximately $400,000 can be removed from the Project 
W-521 estimate due to reduction in piping lengths. 

4.9 Distribution of Mixer Pump Power 

This activity investigated options for providing electrical power to the new mixer and 
transfer pumps being installed by Projects W-211 and W-521. 

Activities involved within this task included: 

Investigating various power distribution alternatives. 

Assuring that the selected alternative met the new Level 2 Specification requirements. 

Evaluating the flexibility of the alternative with respect to schedule. 

Assuring that the required components were commercially available. 

_- 4.9.1 Technical Results 

The results proposed a more flexible system consisting of a centrally located power 
island with power distribution to the various loads. This system is not significantly dependent 
upon the construction sequencing of the farms, which lowers the direct cost slightly while 
eliminating risk. See Attachment I for details. 

4.9.2 Cost Summary 

This task resulted in an overall reduction of approximately $142,000 from the CDR 
estimate. 

4.10 Vendor Search for Small Camera System 

The task performed an evaluation of various alternatives available for a small camera 
system to be utilized within the tanks, preferably utilizing 4-in. risers. L 

In-tank viewing is required during WFD operations. Project W-521 will install a camera 
in all of the DSTs within the scope of the project, which would include tanks SY-101-102-103, 
AW- 10 1 - 103- 104. and AY- 10 1 - 102. 

- Cameras will be used to lower equipment into the tank, estimate deflection due to mixer 
pump forces, view in-tank equipment, view waste, etc. 

12 
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In-tank cameras are used extensively at the Hanford Site, and there is a significant 
amount of experiences, interests, and opinions that can be used as to assist us in making a 
decision on the best method for in-tank viewing. 

Key activities performed during this task were: 

Determining and documenting the requirements for in-tank viewing applicable to WFD. The 
bases and requirements for in-tank viewing were listed for future incorporation into the RCS 
SDD. The requirements primarily came from the Level 2 Specifications for DST monitor 
and control system subsystem and the process control strategy for WFD. This work was 
coordinated with Operations to understand the durations required for in-tank viewing. 

Gathering and organizing Hanford in-tank camera related datdinformation that is relevant to 
WFD. 

Conducting a vendor search for camera alternatives utilizing data from other nuclear facilities 
and other vendor indexes/sources. 

0 Evaluating alternatives from a cost, operability, and useful lifetime perspective to support 
camera system selection. 

4.10.1 Technical Results - 
The results of this task indicate that it is unlikely at this time that a commercially 

available camera system is obtainable which meets all requirementsheeds. The recommendation 
is to continue to use a permanent camera installation (4-in. where no 12-in. risers are available 
and 12-in. where possible). It is possible that evolution of technology may make other options 
available. See Attachment J for details. 

4.10.2 Cost Summary 

The recommended approach is consistent with the original approached developed in the 
CDR. There are no cost changes to the CDR baseline resulting from this task. 

4.11 Evaluate Performance of Instrumentation 

This task involved the review and analysis of the performance characteristics of 
instrumentation used in the AZ-101 mixer pump test, SY-101 waste transfer, and C-106 transfe1 
and how this data could be used to optimize Project W-521 design. 

Key elements of this activity included: 

- Gathering data pertinent to waste transfer instrumentation. 
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-_ 
Determining the instrumentation requirements for material balance and density 
measurements used in the most recent waste transfers at Hanford. 

Determining whether other commercially available alternate technologies meet the 
requirements. 

4.11.1 Technical Results 

At any time during the mixing operation, the process could be operated in the 
recirculation mode, and the in-line density could be recorded respective to the pump suction 
position. Further analysis is required to determine if this would provide valuable data to the 
WFD operation. 

Project W-521 RCS should connect the insulating concrete thermocouples. This will 
provide additional data that will be helpful in determining sludge mobilization. 

The instrumentation that indicates the position of the mixer pump needs to be calibrated 
or biased before put in use in the tanks. This should be stated as a capability of the 
instrumentation and as installation criteria. See Attachment K for details. 

4.11.2 Cost Summary 

The cost changes associated with the results of this task have been incorporated into the 
subtask on existing instrumentation interface (see Attachment N or this report). 

4.12 Reuse of Long-Length Contaminated Equipment Components 

This task evaluated the Long-Length Contaminated Equipment (LLCE) system in an 
effort to minimize the amount of consumable material and, hence, the cost, associated with 
removing LLCE. 

Key activities performed within this task included: 

Confirming the LLCE to be Removed - The LLCE equipment listed for removal in the 
Project W-521 CDR Outline Specification, Section 200, Table CS-1, was verified, including 
accounting of results from Task 2, Impingement Forces 

Researching PitRiser Configuration -For the LLCE identified for rembval, the 
configuration of the associated pit and riser was documented. This information was obtained 
from applicable drawings and previous piuriser surveys. 

Determining Method of RemovaDisposal - Small diameter LLCE &e., instrument trees, air 
lances, etc.) can be removed without the use of the LLCE system. The LLCE identified for 
removal were evaluated to determine the most cost-efficient removal method. - 
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_- 
Determining LLCE System Component Inventory - Based on the LLCE removal list, a list of 
LLCE system components needed for the removal of the identified LLCE was compiled. 
Several LLCE system components have already been designed and fabricated. This existing 
inventory was documented. 

Evaluating LLCE System - The LLCE system utilizes several items that are considered 
“consumable” and will be disposed of with the LLCE being removed. In addition, the CDR 
concept required that a unique adapter and platform be developed for each pit type/size 
where LLCE removal is required. It is highly possible that with some modifications, reuse of 
much of this material can be achieved. Consumable items that are associated with high 
procurement or fabrication costs will receive priority. 

Determining Changes -Based on the results of the LLCE system evaluation, changes to the 
design and/or the operating methodology were proposed. Sketches and/or narratives 
describing the proposed changes were developed. 

Estimating Cost of Proposed Changes - The cost to implement each of the proposed changes 
was estimated. The implementation cost was then compared to the expected savings in 
operating costs. This information was used to determine if the proposed changes are 
economically viable. 

Revising CDR Documents - The proposed changes to the LLCE system were incorporated 
into the appropriate CDR documents. 

0 

.- 

4.12.1 Technical Results 

The results of this subtask included a reduction in the number of LLCE retrieval and 
disposal system infrastructure components needed by the project and reduction in the number of 
items that require disposal using the LLCE system (as opposed to less expensive burial box 
disposal). See Attachment L for details. 

4.12.2 Cost Summary 

The cost reduction to the CDR estimate associated with this task is approximately 
$15.38 million. 

4.13 Double-Shell Tank Monitor and Control Subsystem Improvement 

This task involved reviewing existing requirements for interfacing with the Tank Farm 
Local Area Network (TFLAN), refining these requirements, and applying these refinements to 
the Project W-521 design. 

Activities performed as part of this task included: 
I 

Reviewing Level 2 Specification for the DST Monitor and Control Subsystem. 
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4.13.1 Technical Results 

Reviewing ISA Standards for applicability to the DST Monitor and Control Subsystem. 

Refining DST Monitoring and Control TFLAN interface requirements. 

A long-range plan is required that specifically defines the roles and responsibilities for 
each project that provides a piece of the W P  monitor and control system. 

The monitor and control systems are made up of existing and new systems. The duration 
and schedules of the projects that make up the monitor and control systems encompass several 
years. The plan should cover system architecture, design philosophy, safety classification, 
operational requirements, maintenance requirements, network administration, configuration 
management, and change control. 

It is recommended that monitor and control system hardware and software be 
standardized. This will maximize the ability to simplify implement integration and consolidation 
of system functions for WFD. Specific to Project W-521, it is recommended that additional 
monitoring, control, and interfaces be provided at various components (see Attachment M for 
details). 

Utilize the existing TFLAN inkastructure and extend TFLAN to new ICE Buildings. 

4.13.2 Cost Summary 

The impact to the Project W-521 cost estimate is an increase of approximately $441,000. 
There are other short-term costs associated with the generic recommendations noted above, 
however, the overall program costs will ultimately decrease. 

4.14 Existing Instrumentation Interface Refinement 

This task reviewed the requirements for interfaces with existing instrumentation, 
provided further definition to these requirements and applied these findings to the Project W-521 
design. It determined the interface requirements between DST Monitor and Control Subsystem 
and the following instrumentation as applicable to WFD: tank waste level, tank dome space 
pressure, in-tank gas analysis, selected ventilation parameters, and waste and structure 
temperatures. 

Activities performed as part of this task included: 

Reviewing new Level 2 Specification for DST Monitor and Control Subsystem. 

Further refining the interfaces with existing instrumentation. - 
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Working with other projects, such as Project W-314, to further define project interfaces and 
responsibilities. 

Completing a field walk down to determine technical complexity and cost of tying into 
existing instrumentation. 

I 

4.14.1 Technical Results 

This evaluation documented the existing instruments that are required to be monitored by 
the Project W-521 RCS, and identified the current configuration of the instrumentation. Data 
will be received by the RCS from TMACS via TFLAN or signals will be connected directly to 
the RCS. 

One important consideration is that TMACS is classified as safety-significant and 
TFLAN is general service. Safety-significant functions must remain with TMACS. 

For existing instrumentation connected to TMACS: There are two methods identified in 
the evaluation that will allow the RCS to receive data. The first method assumes that an 
interface between TMACS and TFLAN is established. It was assumed in the evaluation that the 
Central Monitoring System Project would provide this interface. The TMACSTFLAN interface 
would allow the Project W-521 RCS to read data that is connected to TMACS via a TFLAN 
connection. The second method involves modifying existing signals connected to TMACS. The 
existing signals would be connected to TMACS and the Project W-521 RCS. This method 
would not require a TMACWTFLAN interface. 

- 

The method of interfacing will be determined in Detailed Design. See Attachment N for 
details. 

4.14.2 Cost Summary 

The results of this task (including information from Task 11, Evaluation of Existing 
Information, requires an increase of approximately $741,000 from the CDR estimate. 

4.15 Portable Pit Decontamination Unit 

This task evaluated improved remote handling techniques for pit operations, including pit 
decontamination and crack repair. 

The concepts currently reflected in the CDR are to build temporary greenhouses for each 
pit entrylwork package execution. The cost to buildhear down these greenhouses and the 
associated waste generated is excessive. A portable, re-useable decontamination unit offers the 
potential for cost reduction, waste minimization, and schedule improvement by reducing 
radiation exposure and manpower-intensive activities in the pits. - 
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Specific activities performed as part of this task included: 

a 

a 

a 

a L 

Reviewing recent studies that evaluated alternative methods of completing pit operations 
remotely. The purpose of this review was to understand the solutions that have been 
proposed, the basis for the identification and selection of those solutions, and the scope of 
work those selected solutions are intended to address. 

Identifying the full scope of tasks that must be completed under the general scope of pit 
operations and listing the requirements and desired goals associated with those tasks. 

Determining the personnel dose rate, cost and schedule impacts attributable to each task. 
This activity sets the stage for evaluating the potential benefit of upgrading a particular task 
to be accomplished by remote methods. 

Identifying the logical break points based upon life-cycle cost, dose, and schedule 
considerations that represent significant improvement opportunities. 

Through the AGA process, identified concept options that address each of the logical break 
points. A preferred concept was selected based upon an evaluation that examined each 
option's ability to meet stated requirements and how well specified goals were met (desirable 
characteristics). 

A subtask within this task was to evaluate options for the repair of cracks found in the pump 
and valve pits. The requirements and desired characteristics were identified and then a 
preferred concept was selected through decision analysis. 

4.15.1 Technical Results 

A recommendation to revise the planning process from entirely manual to a combination 
manual and use of a remote arm mounted to a backhoe resulted f?om this task. See Attachment 
0 for details. 

4.15.2 Cost Summary 

The cost reduction to the CDR estimate as a result of this task if approximately 
$8.2 million. 

4.16 Diluent System Piping Tie-Ins Refinement 

This task investigated options for routing diluent to the mixer and transfer pumps to be 
installed by Project W-521. 

The current concept is to utilize existing 2-in. slurry lines that feed the central pump pits. 
The existing line will be tied into to add above-grade valves and additional pipe to provide the 
option of feeding either the mixer pumps or the transfer pump. However, these existing lines are 

- 
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highly contaminated and it is possible that a less costly method may be available. This task 
evaluated available options and makes a recommendation as to the most appropriate way to route 
diluent to these pumps. 

Activities performed during this task included: 

Determining diluent system interface requirements. 

Developing other feasible options for evaluation. 

Evaluating the different options from a cost and technical perspective. 

Modifying design media based on preferred option. 

4.16.1 Technical Results 

Instead of tying into the existing slurry lines, this analysis recommended that separate 
3-in. diluent lines be run to each of the SY DSTs from a tie-in to the existing farm service water 
line. The primary reasons for this recommendation were to support the requirement to feed raw 
water and/or diluent to the mixer pumps at a flow rate of 200 gpm and to eliminate the need to 
tie-in to contaminated existing slurry lines. See Attachment P for details. 

4.16.2 Cost Summary - 

The recommendation to run separate lines will have a reduction in cost of approximately 
$57,000 to the CDR estimate. Although additional piping is required, this option is lower in cost 
since the tie-ins to the existing slurry lines would be eliminated. In addition, there is no 
additional cost for trenching since the new diluent lines would share trenching with the new 
waste transfer and/or electrical lines being installed in the farm. 
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5.0 OTHER DOCUMENTATION 

The other documents prepared during the ACD are as follows: 

Updating of all drawings that were changed as a result of the ACD effort. A complete set of 
these drawings showing the primary changes from the CDR, Rev. 0 Baseline is contained in 
Attachment R. 

Updating of all of the SDDs was performed. The primary drivers for updating the SDDs 
were the issuance of revisions to the Level 2 Specifications. Additional input was provided 
by the Design Authorities, several of the alternative analyses included as part of this report, 
GAP Analysis furnished by client personnel, and scope changes driven by the previously 
discussed tasks. 

Updating of the Summary Project Cost Estimate has been completed in accordance with the 
recommendations contained herein. The detailed work elements have not been updated, but 
will be completed design contract data are incorporating early in Title I Design. 

Interface Control Drawings have been updated in accordance with the recommendations 
contained in this report, however, they are not included in this document but are maintained 
in project files. 
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6.0 SUMMARY OF RESULTS 

6.1 Technical Summary 

As a result of these activities, technical risk has been significantly reduced. Specific 
areas where the ACD provided major improvements to the technical baseline (thus lowering risk) 
are: 

Incorporation of current Level 2 Specification requirements (or, conversely, identifymg 
waiverskxceptions necessary to support the initiation of Title I Design). 

Incorporation of new safety analysis results. 

Reduction in uncertainties associated with removal of LLCE. 

Improvements in procurement documentation for mixer/ pumps. 

Resolution of outstanding comments from the CDR. 

Elimination of the fuel oil fired boiler for the diluent system. 

- Minimization of the ventilation upgrades while still addressing issues. 

Establishment of a firm approach for taking the AZ-151 collection tank out of service. 

Identification of a more detailed instrumentation strategy. 

Updating of the technical support documentation necessary to smoothly transition into Title I 
Design (Master Equipment List, SDDs, drawings, specifications, etc.). 

Improvements/refinements identified that will result in a lower cost and lower risk entrance 
into the subsequent phases of the project. 

6.2 Cost Summary 

A summary by task is shown in Table 6-1. 

Each individual task shows the direct cost increasdreduction associated with the 
recommended approach. 
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Task No. 
I .  
2. 

3. 
3a. 
3b. 
3C. I AGA I 
4. 
5. 

I Refine 24 I -AZ- I5 I Decommissioning 
I Companson of Fuel 011 Boiler lo Electnc Heatma I 

Task Title Cost Increase 
Valve Type Analysis 
Mixer Pump Impingement Force on In-Tank Equipment 

HVAC Scope Refmements 
Condensate 
Annulus $4,107,31 - 

Dishibution of Mixer Pum 

N w r  r n c r  CAVTNCC* 

Cost Reduction 
SI S45.52 1 

Included in Task 4 $2,753,693 

971,1281 

$1 1,72 1,804 3 
5141.7331 

$15,380,108 _____I 
*Note that not all recommendations have been approved by CHG, nor have any reevaluations of 
contingency percentages been performed. 

Attachment Q contains revised cost estimate summary sheets that incorporate these 
results and show the trended estimate resulting from the ACD effort. 
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1.0 INTRODUCTION 

Project W-521, Waste Feed Delivery System Project, is upgrading the process pit jumper arrangements 
in the following pits: Pump Pits 241-AW-O1A, -02A, -03A, -04A; 241-AY-OlA, -02A; 241-SY-O1A, 
-02A, -03A; and Valve Pits 241-AP, 241-AP-A; 241-SY-A, -B. The jumper arrangements consist of a 
number of two-way and three-way valves to achieve the various routing objectives in each of the process 
pits. During the conceptual design of Project W-521 the valve selection was based on readily available 
valves equivalent to those being used by Projects W-211 and W-314. Based on issues that have been 
raised on the performance of these valves, a Valve Type Analysis task was identified for the Project 
W-521 Advanced Conceptual Design (ACD). 

1.1 Purpose 

The purpose of this ACD Task was to investigate options for the two-way and three-way valves. The 
task was divided into the following two subtasks: 

Subtask 1 - Test and Evaluation, and 
Subtask 2 - Two-way Valve Investigation. 

The primary task of the Subtask 1 was to develop a test plan to find possible vendors to provide 341-1. 
three-way ball valves that can meet the Project W-521 valving requirements. The primary task of 
Subtask 2 was to determine if it was both technically possible and financially warranted to use all 
two-way valves. 

1.2 Scope 

The scope of Subtask 1, Test and Evaluation, consisted in the development of a procurement 
specification for the test valves and a valve test plan. The scope of Subtask 2, Two-way Valve 
Investigation consisted of modifying the process pit jumper arrangements to determine if the use of all 
two-way valves was possible. An estimate was then performed to determine if it was cost effective to 
switch to two-way valves. 

2.0 METHODOLOGY 

The process followed in Subtask 1 consisted of a review of pertinent literature, including the 
Double-Shell Tank Transfer Valving Subsysteni Specification, HNF-4163, and contacts with vendors for 
the supply and testing of the valves. The process followed in Subtask 2 consisfed in the layout of new 
jumper arrangements for the process pits affected. This was backed up with a cost estimate to determine 
if the elimination of the three-way valves was warranted. 

HND Team Page 1 
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3.0 ASSUMPTION 

For Subtask 1, the following assumptions were made: 

1. The total lifetime accumulated dose for the valve seats and seals is 6 x lo’ Rad. This was taken 
from the design requirements for Project W-3 14 that was based on an earlier analysis from the 
Cross-Site Transfer System Project. The valving specification, HNF-4160, references 
HNF-2004 for the induced radiation environment for the valves, however, no total dose is 
provided. It is believed that the total dose would be lower by no more than a factor of four and 
since this would not drive the seat or seal material, a detailed analysis using the new source term5 
in HNF-2004 was not warranted. 

2. The test plan would only address the concerns with stem leakage, seal leakage, and torque. 

For Subtask 2, the following assumptions were made: 

1. The quantity ofjumpers in each pit will remain unchanged. 

2. Manual three-way valves will still be used on the drain jumpers. 

4.0 DISCUSSION 

4.1 Subtask 1 -Evaluation and Test 

As stated earlier, the purpose of this subtask was to identify vendors that could supply 3-in. three-way 
ball valves capable of meeting the Project W-521 requirements. A typical cross-section of a three-way 
valve is shown in Figure 4-1. The test plan was developed to address the three primary issues that were 
identified during the testing of valves for Project W-211 and W-3 14: 

1. Leakage from the stem packing, 

2. Leak by on the valve seats, and 

3. High operating torques. 

The first tasked involved in the evaluation and test of the valves was to develop a list of pertinent valve 
functions and requirements. The bulk of the functions and requirements were derived from the Level 2 
valving specification (HNF-4160) and from Project W-3 14 requirements (W-3 14-Pl). With these 
requirements identified, a performance procurement specification was developed (see Appendix A). 
rhis specification would be used to purchase a test valve from vendors that could supply a valve 
neeting the requirements of Project W-521. It should be noted that since this specification is for 
xocurement of test valves only, no Certificates of Conformance and other submittals would be 
.equested. The items that are for the final procurement specification only are noted as such in the 
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pecification provided in Appendix A. The following vendors expressed an interest in providing a three- 
vay valve for testing: 

Worcester Controls 
PBM,Inc. 
SVF Flow Controls, Inc. 
KITZ Corporation 

Figure 4-1. Typical Three-way Valve. 

'arallel to developing the procurement specification, a test plan was prepared (see Appendix B). 
lasically, the tests identified in the test plan coincide with the concerns that were voiced with the 
'roject W-211 and W-314 valves - leaking stems, leaking seats, and high torques. Stem seal leakage 
rould be checked by applying a force to the top of the valve stem. When this type of loading was 
laced on the valves used by Project W-314, a spray leak occurred through the stem packing. An 
idustry standard seat closure test (API Standard 598 and ASME B16.34) would demonstrate adequate 
eat tightness of the valve while a simple torque test on the valve stem would demonstrate acceptable 
irque values. All testing was planned to be performed on-site at the 305 Engineering Testing 
.aboratory. 

&r contacting various vendors, it was determined that purchasing of new valves for testing would 
:quire several months. Since the scope of the ACD did not allow that much time, an alternative plan 
'as developed. The procurement specification and test plan would be completed, however, full-scale 
rocurement of the test valves would not be initiated until the start of definitive design. This would still 
How testing to be complete prior to the need of the valves for construction. The completed 
iecification and test plan are in Appendix A and B, respectively. 

h e  3-in. three-way valve was retrieved from a canceled project. This was a 3411. three-way Worcester 
'ontrols valve that was to be used in one of the process pits, however, the seat material would not meet 
le radiation requirements identified for the W-521 Project. Worcester Controls offered to replace the 
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;eats at no cost and return the valve for testing, however, results of these modifications were not 
tvailable before the end of the ACD. However, it is believed that the modifications by Worcester 
Zontrols would substantially reduce the operating torque. Their approach is to treat the PEEK seats like 
i metal seat and machine an O-ring groove on the backside of the seat. The softer O-ring material would 
hen not require as much torque on the valve body bolts which would translate to a lower valve 
Iperating torque. Verification of the final torque and other testing of this valve will be done with all of 
he other supplied valves during definitive design. 

L.2 Subtask 2 - Two-way Valve Investigation 

The majority of the concerns and problems associated with the process pit valves have been with the 
hree-way valves. Therefore, the purpose of this subtask was to determine if each of the process pits 
:odd be arranged with all two-way valves. Typically, a three-way valve would be replaced with two 
wo-way valves, however, since flow can be in either direction for most of the process pit piping, three 
wo-way valves are required as shown in Figure 4-2. 

FLOW 
FLOW 

ADDITIONAL DEAD 
LEG “POCKET” V 
2-WAY VALVES 

3-WAY VALVE 
CON Fl G U RAT1 0 N 

2-WAY VALVE 
CONFIGURATION 

Figure 4-2. “Pockets” with Two-way Valves. 

>ne initial drawback seen with the two-way valve configuration is the small dead leg created were waste 
:odd be accumulated. This is not a concern on the diluent jumpers, however, with the exception of the 
141-AP Valve Pit, there is usually only one three-way valve associated with the diluent routing in a pit. 
:herefore, this analysis will be based only on the waste transfer jumpers and any conclusions will be 
pplied to the diluent jumpers for consistency in design. 

:or the 3-in. waste transfer jumpers, the dead legs can be minimized so that the “pockets” are no more 
ban 4-inches in length by welding the valves to the end of the tee (see Figure 4-2). However, this type 
If arrangement will cause some of the valves to have a center-to-center distance of less than 12-inches. 
h i s  close proximity could create some interference problems with the valve operators above the cover 
Ilocks. It should be noted that these dead legs are not permanent where buildup would continue to 
ncrease. That is, the different routings possible within the jumper will change which leg of a tee will be 
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the dead leg. However, to completely remove the possibility of buildup in these pockets, the jumpers 
would need to be flushed through each of the dead legs in the transfer route. 

The primary advantage in using two-way valves over three-way valves would be in the area of 
operations. The two-way valves are either opened or closed which makes valve positioning easier. 
With a three-way valve there is no valve stop for the middle position, therefore, the operator is required 
to line up the middle valve position with the aid of paint markings and limit switches. These markings 
and switches must insure that the valve is within *5' of the true middle position or the valve seats will 
not stop leak by to the other legs. Also, the torque requirement of a two-way valve is lower making it 
easier to operate. Finally, the number of qualified suppliers is higher for two-way valves. Only 
Worcester Controls and PBM, Inc. have substantial experience with three-way valves in nuclear 
environments. 

The first tasked involved in the two-way valve investigation was to prepare new jumper arrangement 
drawings for the process pits. Each of the pits was reconfigured without much difficulty. The new 
arrangements are shown in Appendix C. The main issue with these new arrangements is the increased 
stiffness of the jumpers. The valves are a rigid component and with the increase in the number of valves 
3n the jumper, the jumper becomes less flexible. In addition, these new arrangements require some of 
h e  jumpers to have fitting-to-fitting connections in order to make them fit which also reduces the 
flexibility of the jumper. This stiffness of the jumpers is a concern since less flexibility leads to higher 
ihermal stresses and larger loads being transmitted to the pit nozzles. 

For Subtask 2, the number of valves increased from the 11 1 total valves in the Conceptual Design 
Report (CDR) to 165 total valves using all two-way valves. The change in the number of valves for 
:ach of the pits is summarized in Table 4-1. 

* Valve Pits 
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’inally, an estimate was prepared to determine the cost differences between the three-way and two-way 
ialve arrangements. Three different estimates were prepared based on the following three options: 

Option 1, Two-way Valve Configurations wl Valve Operators 
Option 2, Two-way Valve Configurations w/ T-Handles 
Option 3, CDR Configuration w/ T-Handles 

To switch to a manual “T-handle” operator instead of the CDR geadmotor-operator the torque to operate 
he valve must be approximately 80 ft-lbs (See Figure 4-3). This is assuming that a long enough 
r-handle could be used to support the human factor guidelines for the amount of force that can be 
ipplied by an operator. For the type of valve seat required in a waste transfer jumper, this low of torque 
will only be achievable on the two-way valves. However, some additional testing will need to be done 
o determine if this is even achievable. 

Figure 4-3. Typical Valve Operator and T-Handle. 
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Option 1 looked at the cost difference due to the increase in the number of valves with no other changes. 
Although the cost of two-way valves are less than three-way valves, there was an increase of 54 more 
valves and associated equipment (Le., valve funnel assemblies, position switches, and gear/motor- 
operators). 

Options 2 and 3 were based on the elimination of the gear-operators on the manual valves in the valve 
pits. Option 2 used the new all two-way valve arrangements and changed the gear/motor-operators to 
T-handles. As seen from Table 4-1, this affected 45 2-in. valves and 72 3-in. valves in the valve pits. 
Option 3 was based on the CDR configuration that utilized both two- and three-way valves and changed 
the gear/motor-operators to T-handles on the two-way valves only. Again using Table 4-1, this affected 
20 2-in. valves and 29 3-in. valves in the valve pits. 

In addition to the 3-in. three-way valve retrieved from a canceled project (See Section 4.1), two surplus 
3-in. two-way Worcester Controls valves were obtained. These valves had PEEK seats that would 
support the radiation requirements stated in the procurement specification. However, Worcester 
Controls would modify one of the valves to see if they could reduce the operating torque to 80 A-lbs or 
less. As with the three-way valve, the modification to this valve could not be completed prior to the end 
of ACD, therefore, it will be tested with all of the other three-way valves in definitive design. The 
purpose of this test will be only to demonstrate that a torque of 80 A-lbs is achievable on a 3-in. two-way 
valve with PEEK seats. If the testing is successful, it will then be assumed that other vendors could 
meet this torque requirement on the two-way valves and it will be placed in the final procurement 
specification. The second two-way valve obtained will be used to provide an initial benchmark on how 
much reduction in the torque can be obtained. 

5.0 CONCLUSIONS AND RECOMMENDATIONS 

5.1 Subtask 1 -Evaluation and Test 

As stated in the earlier discussions, the ACD schedule does not allow enough time for a detailed 
evaluation of the two-way and three-way valves. However, with the functions and requirements 
determined and provided in the procurement specification, testing can began at the start of definitive 
design. In discussion with various vendors, it is highly likely that the leaking stem and seat issues would 
be eliminated, and that torque values will be reduced to manageable values. It appears that the leaking 
stem was due to the stem design on the valves procured by Project W-314. To keep others from using a 
similar design, the procurement specification provided includes a statement that the valve stem could see 
a lateral load. The leaking seats and high torques are again somewhat unique to the valve design used 
by Project W-314, however, it should be noted that the vendor for Project W-314 has also made 
modifications to their design to eliminate these issues. For Project W-521, there will be no cost change 
:o the CDR baseline due to the elimination of these issues. 
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5.2 

The resulting cost estimate analysis showed that for Option 1, there would be an increase in cost to the 
CDR baseline of approximately $2,700,000 to use all two-way valves. Assuming the valve pit operators 
could be eliminated for the two-way valves, there would be a decrease in cost to the CDR baseline of 
approximately $990,000 for Option 2 versus a decrease in cost to the CDR baseline of approximately 
$1,550,000 with the CDR pit configuration Option 3. 

As shown in the estimate analysis, the change to two-way valves would be financially beneficial only if 
the manual “T-handles” could be used. If the T-handles cannot be used, it would only be beneficial to 
use all two-way valves if the increase in initial cost would be worth the reduced ease/risk in the 
sperator’s ability to ensure proper valve alignment. In addition, the increase in the risk of plugging the 
ransfer routing due to the additional dead leg pockets must be taken into account. 

[t is recommended that Project W-521 stay with the three-way valve configurations developed in the 
ZDR for the following reasons: 

Subtask 2 - Two-way Valve Investigation 

1. One three-way valve will eliminate the need for three two-way valves. To minimize the 
“pockets” using two-way valves, each three-way valve would need to be replaced with three 
two-way valves. This would create complex pit arrangements that require many jumpers that 
have fitting-to-fitting connections. This type ofjumper is very rigid which tends to lead to high 
thermal stresses and large loads being transferred to the pit nozzles. 

2. The issues that prompted this valve type analysis can be eliminated. Three-way valves are 
commonly used in other commercial and nuclear industries without leaking seats and stems. In 
addition, preliminary results with modifying the seats indicate that reasonable torques can be 
achieved. Finally, with local and remote position indicators on all valves, operators should not 
have a problem with positioning the three-way valves. 

4t this time, there will be no change made to the CDR estimate. The cost savings shown by Option 3 
ire contingent upon testing of the valves and it is not known at this time if a low enough torque will be 
ichievable to eliminate the CDR gear/motor-operators on the two-way valves. 

5.3 cost 

Whough no change will be made to the CDR estimate at this time, the cost reduction associated with 
lption 3 is shown in Table 5-1, and is included in the overall trended estimate. 

Table 5-1. Cost 
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Procurement Specification for Test Valves 
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1.0 SCOPE 

The specification provides minimum requirements for three-way ball valve assemblies to be used as 
diversion valves in radioactive liquid waste process piping. This specification is for the procurement of 
one valve to be tested by the Buyer to select a valve supplier(s) for all of the process valves to be used 
for the Waste Feed Delivery Systems. Testing by the Buyer will verify conformance to this 
specification. All suppliers that meet these requirements will be asked to bid on the procurement of the 
remaining project valves pending the start of the project, however, acceptance by the Buyer will not 
guarantee further procurement. 

1.1 Work Included 

Fabrication, inspection, testing, documentation, packaging, and shipment. 

1.2 Work Not Included 

Site services. 

2.0 APPLICABLE DOCUMENTS 

The following documents form a part of this specification to the extent designated, except as modified 
by the requirements specified herein. The latest edition with addenda shall be used unless noted 
otherwise. 

2.1 Code and Standards 

2.1.1 American Society of Mechanical Engineers (ASME) 

B16.10 Face-to-Face and End-to-End Dimensions of Valves 
B16.34 Valves - Flanged, Threaded and Welding End 
B31.3 Process Piping 

2.1.2 American Society of Testing and Materials (ASTM) 

A312 Standard Specification for Seamless and Welded Austenitic Stainless Steel 
Pipes 

2.1.3 American Petroleum Institute (API) 

Standard598 Valve Inspection and Testing 
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1.0 REQUIREMENTS 

1.1 Valve Description 

The three-way ball valve shall be side entry, 180" operation, with a T-port ball option. The valve shall 
)e designed for diverting flow and for manual operation through a drive mechanism located 
ipproximately 6 feet above the valve. A typical valve installation is shown in Figure 3-1. 

-6 F E F  

PROCESS PIT 
COVER BLOCK 

. . ~ 

GUIDE FUNNEL I 
ATTACHED TO 

3-WAY BALL VALVE, 
PART OF JUMPER 

Figure 3-1. Typical Valve Installation. 

1.2 Fluid Composition and Properties 

h e  valve shall be capable of handling fluids with the chemical composition shown in Table 3-1 and the 
ollowing properties: 

Range 
76 to 91 lb/A3 (1.21 to 1.46 kgL)  
1.0 to 10 CP 
156 to 187 lb/A3 (2.50 to 3.00 kgL) 
40 to 400 pm 
10 to 30 % 
50 to 200 O F  

6 x lo7 Rad (Total Lifetime Accumulated 
Dose) 

Liquid Density 

Solids Density 
Solids Mean Diameter 
Solids Volume Percent 
Temperature (Transfer) 
Ph 7 to 13+ 
Radiation 

Liquid Viscosity 
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1.3 Environmental Conditions 

The valve assembly shall be capable of operating in the following environmental conditions: 

Ambient Air Temperature Range: 120°F to -32°F with a maximum 24 hour differential 
of 52°F 

Relative Humidity: 0 to 100 percent 

1.4 Material Requirements 

1.4.1 

1.4.2 

i.4.3 

'b4.4 

All materials shall meet the requirements specified in ASME B16.34. 

All materials shall be selected by the Seller based on acceptable performance when subjected to 
the chemical and radiation exposures provided in Section 3.2. Material selection shall be 
identified within the design review data for Buyer review. Material identification shall include 
the applicable ASTM specification number and any proposed supplementary feature that is listed 
as optional in the ASTM specifications. 

All elastomers (e.g., seats, seals, and packing) used shall be approved by the Buyer. Chemical 
and physical properties and the elastomers shall be suitable for the chemical and radiation 
environment in which they are used. A letter of certification shall be provided listing the 
chemical, radiological, and physical properties and affirming that seat, seal, and packing 
materials are resistant to the environment in which the assembly will be used (Para 3.2). 

Valve body bolt materials shall match the valve body (is., Stainless steel valves shall have 
stainless steel bolts.). 

.5 Design Requirements 

.5.1 The valve shall be furnished fully assembled. 
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3.5.2 

3.5.3 

3.5.4 

3.5.5 

3.5.6 

3.5.1 

3.5.8 

3.5.9 

The valve shall be side entry. 

The valve shall support a hydrostatic pressure test of 675 psig. 

The valve shall be a rigid assembly such that any piping loads on the valve will be carried by the 
valve body and not the seals. Valves with adjustable seals or valves with pipe ends that do not 
form a metal-to-metal seal with the valve body are not acceptable. 

The valve shall be designed to operate for at least 1000 cycles over a 12-year design life. 

The valve body shall meet the requirements of ASME B3 1.3 and ASME B16.34 for a minimum 
working pressure of 450 psig at 200 O F .  

The valve shall be fimished with butt weld ends suitable for welding to Schedule 40s pipe 
(ASTM A 312 TP 304L) in accordance with ASME B31.3 and with end-to-end dimensions in 
accordance with ASME B 16.10. 

The valve seats shall seal against leakage in either direction against 1 psig to 450 psig entering 
pressure and 0 psig exit pressure. The valve shall have no visible leakage per the requirements 
ofAPI Standard 598. The test shall be repeated with a test duration time of 10 minutes. The 
leakage rate shall be less than 12 drops per minute as defined in API Standard 598. 

The valve ball shall be fill port and shall support the flow pattern indicated in Figure 3-2. 

0' 9 0" 180" 

Figure 3-2. Required Flow Pattern. 

3.5.10 The valve stem shall be able to support a lateral loading of 10 lbs being applied to the top of the 
stem. 

5.6 Fabrication Requirements 

5.6.1 The valve shall be fabricated and assembled in accordance with ASME B16.34. 
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3.6.2 The valves assembly shall be subject to a closure test performed in accordance with paragraph 
7.2 ofASME B16.34. 

3.6.3 The valves shall be provided with stops. The stops shall be designed to resist failure due to shear 
(i.e., rolled pins are not acceptable). 

3.6.4 The required breakaway torque shall not exceed 3500 lb-in after a period of stagnant position of 
up to six months. A written statement shall be provided affirming that this value will not be 
exceeded. 

3.6.5 Do not paint corrosion-resistant steel surfaces. 

3.6.6 Galvanized surface finishes are unacceptable. 

3.7 Markings 

The valve shall be marked per the requirements of ASME B16.34. In addition, the valve shall be 
identified by either a wired or permanently attached stainless steel tag stamped with the following data: 

Valve design pressure. 

Valve design temperature. 

Trim material. 

Seat and seal material. 

Year manufactured. 

3.8 Cleaning Requirements 

The valve internal and external surfaces shall be cleaned in accordance with the manufacturer’s 
standard. 

3.9 Inspection/Examination 

A shell and valve closure test shall be performed on the valve in accordance with ASME B16.34, with 
no visible leakage per the requirements of API Standard 598. The closure test ihall be repeated for a test 
duration time of 10 minutes with less than 12 drops per minute of leakage as defined in API Standard 
598. Testing shall be documented. 
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1.0 QUALITY ASSURANCE REQUIREMENTS 

danufacturer's standard. No suspect fasteners as identified in Figure 4-1 shall be used. 

NO MANUFACTURER'S MARKING 

ALL GRADE 5 AND GRADE 8 WITH NO MANUFACTURING I.D. ARE 
TO BE CONSIDERED IN THIS CATEGORY; LE., SUSPECT. 

GRADE 5 FASTENERS 

GRADE 8 FASTENERS 

HOLLOW (GREATER THAN 1/2 INCH DIA.) 
TRIANGLE 

GRADE 8.2 FASTENERS ASTM GRADE A325 FASTENERS 

OTHER SUSPECT GRADED FASTENERS 
(NOT MADE BY u.5. MANUFACTURERS) 

WAC0 OR UNNERSII UWRENCE LNCINEERINC 
INFASCO FASTENERS Iy SUPPL". INC. 

Figure 4-1. Suspect Fastener Headmark List. 
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5.0 SUBMITTALS 

See Table 5-1 for number of copies, purpose, and when required. 

5.1 General 

Identify each submittal by this Specification number, item number, PO number, and Seller’s 
identification number. 

Data shall be suficiently clear to allow legible copies to be made on standard reproduction 
equipment after microfilming. 

Approval by the Buyer does not relieve the Seller of responsibility for accuracy or adequacy of 
design under this Specification. 

Submittals “not requiring approval” will be reviewed to verify completeness and adequacy for 
their intended purposes. Unacceptable items will be handled as specified below: 

A submittal requiring approval that is not approved, is identified as: 1). “Not Approved Revise 
and Resubmit.” Tbe submittal is considered technically deficient, or incomplete, and therefore 
unacceptable. Resubmittal is required, hence fabrication, procurement, or performance of 
procedures shall not proceed; 2) “Approved with Exception.” Fabrication, procurement, and 
performance of procedures may proceed, and resubmittal is required to verify incorporation of 
the exception. 

Submittals “not requiring approval” that are determined to be incomplete or inadequate will be 
returned marked “Resubmit.” An explanation of the deficiencies will be included for corrective 
action by the Seller. 

Seller may take exception to any Specification requirement. Identify exception and obtain 
Buyer’s approval before implementation. 

i.2 List 

e (Item 1) Valve assembly drawings with dimensions and weight. 

(Item 2) Valve material lists. 

(Item 3) Hydrostatic/leak test documentation (Paragraphs 3.5.8 and 3.9). 

(Item 4) As-builts of drawings. 
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0 (Item 5 )  Material Safety Data Sheets (MSDS) for hazardous materials. If hazardous materials 
are not used, provide written statement to that effect. (This item only required for final 
procurement.) 

(Item 6) Certificate of Conformance for other materials (Paragraph 3.4.3). (This item only 
required for final procurement.) 

(Item 7) Breakaway Torque Statement (Paragraph 3.6.4). (This item only required for final 
procurement.) 

0 

0 

0 (Item 8) Installation instructions. 

(Item 9) Operation and maintenance manuals. 

i.0 PREPARATION FOR DELIVERY 

Preservation: Item shall be protected from dirt, soil, and moisture. 

Packaging: Item shall be boxed or crated in a manner to prevent damage during shipping. 

Marking: Packages shall be suitably marked on the outside to facilitate identification of the 
purchase order, the procurement specification, the package contents, and any special handling 
instructions. 

The Seller shall recommend the preferred method of shipping and provide protection of the 
equipment during transit and storage. 
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Table 5-1. Summary of Submittals 
Item Title Copies Purpose When Required 

1 Valve Drawings 3 Approval Before purchase 
2 Valve Material Lists 3 Approval Before purchase 
3 Hydrostatic/Leak Test Data 3 Vendor With shipment 

I Information 1 
4 I As-Built Drawings 3 Vendor With shipment 

Information 

Information 

Information 

5 Material Safety Data Sheets 3* Vendor With shipment 

6 Certificate of Conformance 3* Vendor With shipment 

7 Breakaway Torque Statement 3* Vendor With shipment 
1 Information 1 

8 I Installation Instructions 3 Vendor With shipment 
I Information 1 

9 1 Operations and Maintenance Manuals 1 3 Vendor With shipment 
1 Information I 

NOTE: days shown are calendar days. 
*Only required for final procurement. 
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SVF Flow Controls, Inc. 
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(425)888-3335 

Attn: Randy Tweten 

KITZ Corporation 
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North Bend, WA 
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(503)691-6100 

Am: Wayne Eads 
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1.0 INTRODUCTION 

This test plan establishes test methods, performance requirements, and applicable codes and standards 
for onsite valve testing for the valve type analysis activity included within the scope of the Project 
W-521 Advanced Conceptual Design. 

Project W-521 has selected common two-way and three-way valves from commercial sources for use in 
tank farm waste transfer systems. Issues have been raised, based on tank farm operating experiences, 
concerning valve operability and reliability in a tank farm environment. This test plan will provide input 
to a valve test program evaluating available valves with the intent of making recommendations as to the 
most appropriate valves to be used by Project W-521 and other projects. 

2.0 SCOPE 

This test plan is applicable to valves obtained from the Project W-521, Waste Feed Delivery Project 
Procurement Specification for  Test Valves. The scope of this test plan is limited to testing of selected 
key operating parameters that directly affect operability and reliability in a tank farm environment. 
Specifically, seat leakage, stem leakage, and operating torque for tank farm valves have been an ongoing 
concern. 

This test plan will identify all key technical parameters required for each test; acceptance criteria based 
on valve and system design requirements; facilities, equipment, and materials; and the responsibilities of 
organizations involved in the testing. Although testing is limited to three-way valves, it is expected that 
results will be applicable also to two-way valves. 

3.0 GENERAL INFORMATION 

3.1 Test Items 

The valves to be tested according to this test plan are 3-inch, three-way ball valves obtained from 
commercial sources in response to the Project W-521, Waste Feed Delivery Project Procurement 
Speci3cationfor Test Valves. The valves are intended for diverting flow and shut-off or isolation 
service in a tank f a m  environment. The valves will be furnished hl ly  assembled. Specific material and 
performance requirements are identified in the procurement specification. 

3.2 Facilities and Equipment 

All testing will be performed at the testing organization's facilities. The following test equipment will 
be necessary to perfom the tests identified in this test plan: 

A test stand for holding 3-inch ball valves during testing. 
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Closure devices (e.g., bolted flanges, threaded plugs) for the valve ports. Alternately, the closure 
devices will provide a pressure boundary during pressure testing, a vent path to atmosphere 
during seat leakage testing, a means to relieve air from the valve intemals, and a means to 
connect the test pump assembly to the valve. 

A test pump assembly for filling, venting, and pressurizing the valve. The assembly will include 
a volumetric device, calibrated in millilitershour, for measuring seat leakage. A means to 
positively isolate (e.g., quick disconnect, two closed valves with an open vent path between the 
valves) the water source during seat leakage testing will be provided. 

A test adaptor and means to apply a measured lateral force to the valve stem during the Stem 
Leakage Test. 

A calibrated torque wrench for measuring valve operating torques up to 4000 in-lbs. 

.3 Quality Assurance 

ralve testing specified in this test plan shall be performed according to written procedures that comply 
tith this test plan, referenced codes and standards, and applicable site procedures for technical 
srocedures. 

ralve disassembly and reassembly shall be performed according to written procedures that comply with 
alve manufacturer recommendations and appropriate site procedures. The extent of valve disassembly 
d l  be limited to that performed during normal installation of the valve in a valve/jumper manifold. 

dl test equipment shall have been calibrated prior to testing with devices of accuracy traceable to the 
Jational Institute of Standards and Technology (NIST). 

.4 Organization and Functional Responsibilities 

.4.1 Design Agent 

The Design Agent will coordinate with the testing organization to assist development of test 
procedures. 

The Design Agent will review and approve the test procedures. 

The Design Agent will witness selected tests as determined necessary by the Design Agent. 

The Design Agent will review, analyze, and approve test results to verify acceptability of the 
valve being tested. 
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The Design Agent will provide test deficiency resolution and oversee troubleshooting of 
technical problems. 

The Design Agent has sole responsibility for controlling and modifying this test plan, 

Testing Organization 

The testing organization is responsible to ensure that testing is performed according to this test 
plan, referenced codes and standards, and applicable site procedures. 

The testing organization will prepare written test procedures according to their applicable site 
procedures and this test plan. 

The testing organization is responsible for providing all test equipment and for the adequacy and 
accuracy of test equipment. 

The testing organization will implement appropriate test methods and controls, assure that the 
specified tests and inspections are completed satisfactorily, and document test results and any 
test deficiencies according to this test plan and applicable site procedures. 

The testing organization will provide adequate notification and access to the test facility to allow 
the Design Agent to witness testing. 

1.5 Schedule 

l e  testing organization shall provide the Design Agent five (5) working day's notice prior to the 
pecified valve testing. 

1.0 DESCRIPTION OF TESTS 

,.I Stem Leakage Test 

,.1.1 Objective 

h e  Stem Leakage Test will demonstrate stem seal tightness at the specified test pressure. Stem seal 
ightness will be verified with and without a lateral force applied to the valve stem. The lateral force is 
neant to simulate actual conditions that could be applied to a valve being operated with an extension 
andle through a pit cover block. 
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1.1.2 Criteria and Constraints 

1. The Stem Leakage Test will be performed with and without a lateral force of 10 Ibs applied to 
the top of the valve stem. This will simulate a valve extension handle being off true and placing 
a force on the stem. 

2. The test fluid shall be water. If a corrosion inhibitor is used, it shall comply with Section 7.1 of 
American Society of Mechanical Engineers (ASME) B16.34. 

3. The test pressure shall be not less than 150 percent of the 450 psig design pressure (i.e., 675 
PSk). 

4. The duration of each stem leakage test shall be not less than 60 seconds. The test duration is the 
inspection period after the valve is fully prepared and full test pressure has been applied to the 
valve. 

5. The Stem leakage Test will be performed with the valve in the 0' and 180' positions. 

1.1.3 Data 

The following data and/or test parameters shall be included or recorded in the test procedure: valve type, 
,erial number, manufacturer, seat material, body and ball material; test fluid type and temperature, test 
iressure, test duration, the lateral force applied to the top of the stem, and whether leakage was 
ibserved. The test director shall identify whether the test was satisfactory and any actions (e.g., valve 
:ycling) performed to obtain satisfactory results. 

1.1.4 Expected Results 

The valves being tested are new and no leakage should be visible from the stem seals. Therefore, the 
icceptance criteria for a satisfactory test shall be no visible leakage from the stem seals after 60 seconds 
vith the valve pressurized to 150 percent of the design pressure. 

1.1.5 Procedure Outline 

1.  Install the valve in a test stand. 

2. Cycle the valve a minimum of 3 times. 

3. Fill the valve with test fluid. Provide a vent path to relieve air from the valve while filling the 
valve. 

4. Position the valve in the 0' or 180' position. 

5 .  Pressurize the valve and check the stem seal for leakage. 
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6. Place an extension on the valve stem so that the lateral load can be applied at a distance of at 
least 6-inches from the top of the valve. 

7. Apply a force of approximately 10 Ibs at a distance of 6-inches from the top of the valve. 

8. Check the stem seal for leakage. 

9. If stem leakage is unsatisfactory, the valve may be cycled and the test repeated. 

10. Repeat the Stem Leakage Test with the valve positioned in the 180" position. 

1.2 Seal Closure Test 

1.2.1 Objective 

"ne Seat Closure Test will demonstrate adequate valve seat tightness at the specified test pressure. Seat 
ightness will be verified with the 3-way ball valve in all possible positions and with test pressure 
lpplied successively to all sides of the valve (ball) as identified in Figure 4-1. 

Figure 4-1. Seat Closure Test Configurations. 
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4.2.2 Criteria and Constraints 

1. The Seat Closure Tests are performed according to test methods identified in ASME B16.34, 
American Petroleum Institute (API) Standard 598, and this test plan. 

The test fluid shall be water. If a corrosion inhibitor is used, it shall comply with Section 7.1 of 
ASME B16.34. 

The test pressure shall be not less than 150 percent ofthe 450 psig design pressure (i.e., 675 

2. 

3. 
psig). 

4. The duration of each seat leakage test shall be not less than 10 minutes. The test duration is the 
inspection period after the valve is fully prepared and full test pressure has been applied to the 
valve. 

Test pressure shall be applied successively on each side of the valve with the other side(s) open 
to the atmosphere. Leakage is checked with a volumetric device on the pump suction or at the 
opposite (open) valve port(s). The test shall be performed with the 3-way valve in all possible 
positions. These configurations are illustrated in Figure 4-1. 

A volumetric device, calibrated in mlhour, is the preferred method of leakage detection. 
Pressure decay devices will not be used for leakage detection. 

The allowable leak rate shall be achieved with the valve position approximately 5 degrees from 
each position stop. This is to simulate field conditions were the position indication can be off by 
*5O of the actual valve stop. 

5. 

6. 

7. 

4.2.3 Data 

The following data and/or test parameters shall be included or recorded in the test procedure: valve type, 
serial number, manufacturer, seat material, body and ball material; test fluid type and temperature, test 
pressure, test duration, and measured leak rate. The test configuration as illustrated in Figure 4-1 will 
also be identified. The test director shall identify whether the test was satisfactory and any actions (e.g., 
valve cycling, valve seat flushing) performed to obtain satisfactory results. 

4.2.4 Expected Results 

The maximum allowable leakage rate per API Standard 598 is 0 m l h .  That is, there shall be no visible 
leakage for the minimum specified test duration. 
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1.2.5 Procedure Outline 

1. Install the valve in a test stand. 

2. Cycle the valve a minimum of 1000 times. 

3. Establish a test configuration illustrated in Figure 4-1. 

4. Position the valve approximately 5 degrees off (from) the valve position stop. (Note: This is not 
applicable when the valve is being tested in the middle position.) 

5.  Fill the valve with test fluid. Provide a vent path to relieve air from the valve while filling the 
valve. 

6. Pressurize the valve and check for leakage. Record leakage. 

7. Cycle the valve 100 times recording the leakage rate after every 10 cycles. 

8. Repeat the Seat Closure Test for each configuration illustrated in Figure 4-1. 

9. Ensure the pre-disassembly Operating Torque Tests have been completed. 

10. Disassemble and reassemble the valve per approved procedures. Each valve will be 
disassembled once; it is not necessary to disassemble the valve before each test (is.. Seat 
Closure Test and Operating Torque Test). 

11. Repeat the Seat Closure Test. 

1.3 Operating Torque Test 

1.3.1 Objective 

The Operating Torque Test will demonstrate that the torque required to operate the valve is acceptable. 
The valve will be operated multiple times and the measured operating torque compared to manufacturer 
lata and criteria from the valve procurement specification. 

1.3.2 Criteria and Constraints 

1. The valve will be filled with water for the Operating Torque Test. If a corrosion inhibitor is 
used, it shall comply with Section 7.1 of ASME B16.34. 
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1.3.3 Data 

f i e  following data and/or test parameters shall be included or recorded in the test procedure: valve type, 
;erial number, manufacturer, seat material, body and ball material; test fluid type and temperature, 
iendor torque specifications if any, and measured breakaway and operating torque. 

1.3.4 Expected Results 

The valves being tested are new and the expected operating torque should be within vendor and 
xocurement specification criteria. 

1.3.5 Procedure Outline 

1. Install the valve in a test stand. 

2. Cycle the valve a minimum of 3 times. 

3. Cycle the valve an additional 10 times. Measure and record the torque required to operate the 
valve in each direction. 

4. Fill the valve with test fluid. 

5 .  Cycle the valve an additional 10 times. Measure and record the torque required to operate the 
valve in each direction. 

6 .  Let the valve stand for a period of time to be determined by the Design Agent (Le., one to two 
weeks). 

7. Repeat the Operating Torque Test. 

8. Ensure the pre-disassembly Stem Leakage Test and Seat Closure Tests have been completed 

9. Disassemble and reassemble the valve per approved procedures. Each valve will be 
disassembled once; it is not necessary to disassemble the valve before each test (i.e., Seat 
Closure Test and Operating Torque Test). 

10. Repeat the Operating Torque Test. 

i.0 REPORTS 

rest results will be documented in letter report and/or test report prepared by the Design Agent. 
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1.0 INTRODUCTION 

This analysis was prepared as a part of the Advanced Conceptual Design for Project W-521. One 
element of the project involves the use of mixer pumps to mobilize solids in the tank and agitate the tank 
contents to produce a uniform mixture. 

It has been determined through previous analysis that a configuration using two mixer pumps 
(approximately 300 hp each) is the best method to accomplish tank mixing. The mixer pumps use 
opposing horizontal exit jets that slowly rotate about the pump’s vertical axis. The jet force criteria have 
been provided to the project as the product of the mixer pump nozzle exit velocity and the nozzle 
diameter (termed UoD). A UoD value of 29.4 A2/s has been established. Typically, 6-in. nozzles are 
specified with a resulting exit velocity of approximately 59 Wsec. Due to the high energy discharged 
from the pumps, care must be taken to ensure that the jets do not produce excessive forces on other in- 
tank components. 

Concern exists from previous analysis and testing that has prompted study of the resulting forces in 
tanks from mixer pump operation. The major areas of concern for the forces arising from mixer pump 
operations include: 1) the damaging effect of the forces on operating components, 2) the resulting 
permanent damage to equipment that will affect future operations (Le. thermocouple tree bending or 
breaking so as to prohibit removal and possibly cause interference with other in-tank component 
operation), and 3) resulting damage to the tank structure itself (Le., moment arm or fatigue breaking of a 
riser or tank weld). 

1.1 Purpose 

This evaluation addresses the issues associated with forces applied to tanks and equipment within the 
scope of Project W-521 due to mixer pump installation. 

The purpose of this analysis is to assure that the project mission is not adversely affected by mixer pump 
operation. This task is accomplished by evaluating the equipment that is in close proximity to the 
pumps for any detrimental stresses and fatigue caused by the force of the jet stream from the nozzle. 
Mixer pump impingement forces experienced by in-tank components are analyzed to establish, at a 
conservative conceptual level, the components that require removal or special operational controls. 
Forces on the tank walls and on components near the tank walls are analyzed as well to ensure that tank 
integrity is maintained. 

1.2 Scope 

The scope ofthis task is to evaluate existing and new equipment to be installed by Project W-521 in 
tanks AW-101, AW-103, AW-104, AY-101, AY-102, SY-101, SY-102, and SY-103. Within scope is 
any item that extends below the tank waste level that could be affected by mixer pump operation. 
Components evaluated include transfer pumps, temperature trees, multi-function instrument trees 
(MITs), velocity density temperature trees (VDTTs), air-lift circulators (ALCs), and drain pipes. 
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2.0 METHODOLOGY 

The approaches used to identify potentially affected tank components and analyze the risks to each are 
as follows: 

0 

0 

0 

3.0 

Components that currently are, or are planned to be, installed in each tank riser are identified. 
For each component, critical physical characteristics and needed analytical parameters are 
established. 

A determination is made as to which components can be eliminated from detailed analysis based 
upon previous analyses and proximity of like components. 

Impingement force yield stress, plastic hinge deflection, and fatigue analyses are performed on 
identified components in order to: 

- Estimate potential yield forces experienced by in-tank equipment, 
- Estimate potential plastic hinge deflection values for equipment, 
- Estimate fatigue failure for equipment, and 
- Determine the allowable forces for the various components. 

Components that may he vulnerable to excessive stress are identified and a determination is 
made to: 

- Identify the equipment that may require removal or replacement, and 
- Identify potential controls (i.e. pump operating speed) necessary to mitigate the effects of 

the jet forces. 

ASSUMPTIONS 

The overall assumptions made for this evaluation are based primarily upon past impingement force 
analyses [HNF-SD-Wl51-DA-008, Evaluation of the Effect of Project W-I51 Mixer Pump Jets on In- 
Tank Equipment Considering Potential Sludge Build-up on Equipment in Waste Tank 241-AZ-I 01, 
Hanford Site, Washington (Julyk 19971 performed on AZ-101 tank components. 

The assumptions are as follows: 

0 The basic force developed on the components from mixer pump operation is the drag force on a 
solid body in a flowing fluid with uniform distribution as assumed in the Julyk (1997) report. 

A 3.5-in. radial sludge buildup layer is appropriate to addition in equipment diameter for 
purposes of diameter calculations. This value was chosen from the Julyk (1997) report that 
analyzed several components in tank AZ-101 for force effects based on mixer pump operation. 

0 
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This report stated that AZ-101 thermocouple sludge thickness did not exceed 2.5-in.; however, 
3.5411. was used as a conservative value. 

Appropriate flow rates were estimated at 70 percent and 100 percent pump speeds as estimated 
by a pump manufacturer. This assumption was necessary since final pump curves will not be 
available until the pump is procured per specifications prepared in the Definitive Design phase of 
this project. At that time the 70 percent pump speed and associated flow rate should be reviewed 
and these calculations revised to provide a final determination of the operational controls that 
may be necessary to minimize the effects from impingement forces. 

The ALC thermowells are all anchored at the bottom of the ALC, as indicated on construction 
drawings, thus creating a moment arm of approximately 27-in. 

The AISC allowable yield value of 0.66*Sy for A53, Grade A carbon steel is acceptable as the 
allowable stress for critical equipment which is required to remain undamaged during and after 
mixing. The yield stress, Sy, is used to calculate the maximum allowable force for components 
that will not be operational during mixing activities and will not have an adverse effect on 
operations or project activities if slightly bent. 

Calculations based on static analysis, with dynamic load factors applied to allowable stress 
values, are acceptable. 

Similar mixer pump components and characteristics, such as the expected equivalent nozzle 
parameters (exit velocity and nozzle diameter, U,D, = 29.4 ft2/s and 6-in.) as well as general 
mixer pump properties, are acceptable for all tanks. 

Worst-case waste properties are a waste viscosity of 30 centipoise and density of 1.4 g/cm3. 

Two, three hundred horsepower mixer pumps will be installed in all tanks. 

The dynamic factor applied and the values of force used conservatively accommodate the vortex 
forces and the uplift on the component discussed in other analyses. 

DISCUSSION 

lulyk (1997) predicted the mixer pump impingement forces and deflections experienced by equipment 
n tank AZ-101. Early in 2000, mixer pumps were tested in the AZ-101 tank, and the in-tank camera 
ibserved expected deflection of the dqwell in riser 14A, indirectly confirming the prediction made by 
he report. This verified correlation was used as the basis for analysis in this report. 

The AZ-IO1 analysis was performed on a tank with approximately 15-in. of solids on the tank bottom. 
t was hl ly  inserted into the tank and operated. However, tanks within the scope of Project W-521 have 
tsidual solids levels much higher, with some projected to have sludge as deep as 125-in. Figure 4-1 
xovides a sectional representation oftank AY-IO1 with a high solids level. Past experience with the 
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installation of mixer pumps into deep sludges at the Savannah River Site confirmed that pumps should 
not be fully inserted into the solids and then started. The sludge can block and plug the pump suction. 
As a result, it has been determined that the pumps will be lowered into the tank until their suction is 
slightly above the sludge and then run in that position until a radius has been cleared around the pump. 
The pump will then be lowered until its suction approaches the sludge and run again. This process will 
be repeated until the pump is fully inserted. Thus, this analysis must consider the impact on tank 
components as it is being incrementally lowered into the solids level. 

4.1 Component Identification 

Appendix A includes a listing of the tank components, locations, and distances fiom the component to 
the mixer pump jet. It was decided to analyze all components in the tanks that could cause a detrimental 
affect on the mixing and pumping operations due to exceeded yield stress or plastic hinge deflection 
limit loads. These components were analyzed based on their ability to deflect significantly thus 
impacting other components, disturb the tank walls, deflect so that they cannot be removed, or deflect so 
that operation becomes impaired. 

Figure 4-1 is a typical section of a mixer pump installed in a tank. Figures 4-2 through 4-9 show all 
subject tanks with components of concern located. Components that are to be removed from the tanks 
for reasons other than mixer pump impingement forces (Le., riser needed for another component) are not 
shown. From the commonality between equipment and the similar or bounding installed locations 
within the tank, conclusions are drawn with respect to identification of components requiring analysis. 
A discussion of the analyzed components is contained in section 4.2.2. 

4.2 Analysis Approach 

rhis analysis is based on the approach developed in Julyk (1997) which presents a model for the 
relationship of a constant drag force applied to submerged tank components (cylindrical pipes or tank 
walls) as a function of distance fiom the nozzle exit of a pump. The developed relationships are 
dependent on known or assumed fluid properties (density, specific gravity, viscosity), pump 
:haracteristics (nozzle exit velocity, nozzle exit diameter, rotating rpm), and submerged component 
:onfiguration (distance, diameter). This analysis uses the same equations for drag force and plastic 
hinge deflection that were used to analyze the components in the AZ-IO1 tanks. It applies to all 
:omponents in the scope of Project W-521. 

For the purpose of this conceptual analysis, calculations are not performed to estimate forces due to 
increased waste velocity along the tank bottom. This is considered to the adequately covered by 
applying the load to components as a point load acting at the bottom end of components rather than at 
.he nozzle centerline (See Appendix B, Calculation ME-07). 
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RISER ID 
R2 
R2 
R3 
R3 
R1 OC 

L 
I 
d 

FUNCTION SIZE DIST TO NO2 (FI) 
AIR LIFT CIRCULATOR 6" 7.2 
AIR LIFT CIRCULATOR 6'' 10.6 
THERMOCOUPLE FOR AIR LIFT ClRC 3/4" 7.7 
THERMOCOUPLE FOR AIR LIFT ClRC 3/4" 10.2 
SLUICE PIT DRAIN 3" 2.7 

LEVEL 

Figure 4-1. Section and Elevation of Pump Riser in Tank AY-101. 
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A W - 1 0 1  LEGEN 

UP - UIXER PUUP 
TP - TRANSFER PUMP 
TT - TEMPERATURE TREE 

Figure 4-2. AW-101 Plan View. 
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Figure 4-3. AW-103 Plan View. 
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- 

U P  - MIXER PUMP 
TP - TRANSFER PUMP 
ll - TEMPERATURE TREE 

Figure 4-4. AW-104 Plan View. 

I AY-101 LEGEND 

Figure 4-5. Riser Configuration of Tank AY-101. 
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I AY-102 LEG DQ 

ALC- AIR LIFT CIRCULATOR 
APD- ANNULUS PUMP DISCHARGE 
DW - DRY WELL 
LDPD-LEAK DETECTION PIT DRAIN 
PD - PI1 DRAIN 
SC - STEAM COIL 
TP - TRANSFER PUMP 
11 - TEYPERATURE TREE 

Figure 4-6. Riser Configuration of Tank AY-102. 

TP - TRANSFER PUMP 
ll - TEMPERATURE TREE 
VDlT-VELDCITi/DENSIlY TEMP TREE 

Figure 4-7. SY-101 Plan View. 
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UP - MIXER PUUP 
UIT- MULTI-FUNCTION INSTR TREE 
TP - TRANSFER PUUP 
TT - TEYPERATURE TREE 

Figure 4-8. SY-102 Plan View. 

A ? 

FD - FLUSH PIT/SEAL POT DRAIN 
FP - SUPERNATE FEED PUUP 
LO - LlOUlD OBSERVATION WELL 

PUMP 

“ U ”  
N 

UP - MIXER 1 
PD - PIT DRAIN 
SN - SUPERNATE DROPLEG 
TP - TRANSFER PUUP 
ll - TEMPERATURE TREE 

\ 

Figure 4-9. SY-103 Plan View. 
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4.2.1 Mixer Pump Design Considerations 

HNF-4164, Revision 0, Double-Shell Tank Mixer Pump Subsystem Specification (Shaw 2000), specifies 
a lower limit on the product of the nozzle exit velocity and diameter, to promote adequate fluid mixing, 
in the form of 

U,D, = 29.4, ft2/s (1) 

Where Do is the nozzle diameter and 
U, is related to the &pump flow rate, Q, by 

Q = (XU, N/4) D ~ C V C ,  , gallmin (gpm) (2) 

Where N =Number of nozzles 
CV = 7.48 gallft’ 
C, = 60 sec/min 

Substituting in U, and solving for D, in terms of Q gives 

D, = (4Q)/[x(29.3)NCvCm] , ft 

4.2.2 Component Considerations 

The following components were analyzed for various reasons as stated: 

(3) 

0 The new transfer pumps were analyzed for two sizes that are being considered - an 11” and a 
32” because of their close proximity to the mixer pumps. Deflection on the pump shaft might 
detrimentally affect the pump operation if the pump is line-shaft driven. 

The new thermocouple trees are necessary for operation. 

The ALC and ALC thermowells are not needed for future operations; however, in some cases, 
they are very close to the mixer pumps and could cause a shadowing affect on the mixing 
effectiveness or deflect enough to impair mixing operations. ALCs are welded into the AY tanks 
so they are not removable. 

The sluice pit drains are welded permanently to the tank structures and &e in close proximity to 
the mixer pumps. 

Drywells in the AY tanks are in close proximity to mixer pumps and were known to have 
impingement force problems in 101-AZ testing. 

The Leak Detection Pit Drain is close to the tank wall and if deflected significantly could impact 
the wall. 

0 

0 

0 

0 

0 
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0 Two Velocity Density Temperature Trees in SY-101 are in close proximity to the mixer pumps. 
They are operational but not critical to the future mission. 

The Multi-Function Instrument Temperature Trees (MITs) were relatively close to the mixer 
pumps and could deflect significantly. 

The tank wall (located a distance of 15.5 A. from the pumps) was analyzed to assure that mixer 
pumps do not pose a risk to the tank containment system integrity. 

0 

0 

Two pump speeds were used for force evaluations. The 70 percent flow value was provided by a pump 
manufacturer (Sulzer Pumps) as an estimate and will need to be reviewed after establishment of the final 
pump curves. For the 70 percent pump speed, the results are based on an estimated volumetric flow rate 
(reduced from 11.54 cu. Ns at full speed to 6.0 cu ft/s as estimated by Sulzer pump manufacturer). This 
ratio (52 percent) results in a reduction of U,D, from the design value of 29.4 ft2/sec to 15.29 A2/sec 
based on the assumption that the flow area (and thus Do) remains constant, so U, varies proportionately. 

Figure 4-1 provides a composite elevation of tank AY-101 at one mixer pump that is representative of 
all AY Tanks. As can be seen, the mixer pump nozzle centerline is located 19411. above the tank 
bottom. But, since the mixer pumps will be incrementally lowered while operating (to facilitate 
insertion into deep sludges), force analysis was performed on all components with the entire jet force 
applied at the maximum bending moment for each component. 

Following is a brief summation of the analytical methods used to calculate forces on components and 
references. For the detailed calculations, see Appendix B. 

1.2.3 Constant Drag Force 

The basic equation for the drag force on a solid body in a flowing fluid with uniform distribution is 
given by: 

Fd = ' / 2  p u2 A c d  /g, , lbf 

Where: p = fluid density, lbJft3 
U = Free stream velocity, ft/s 
A = Projected area, ft2 
Cd = Drag Coefficient, unitless 
g, = gravitational conversion factor, lb,- 

1.2.4 Jet Free Stream Velocity 

(4) 

The centerline velocity of a free momentum jet in a liquid (unperturbed by, for example, a tank bottom), 
3t a downstream distance z from the jet discharge, is given by Trent, 1994 as: 

&(z) = kU,D& , NS ( 5 )  
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Where, 

U, = Jet discharge velocity, fUs 
Do = Jet nozzle discharge diameter, ft 
k = The diffusion coefficient for the jet flow unitless 
z = Distance from jet discharge to point of reference, ft 

The velocity decreases radially from the jet centerline axis (z) and is given by 

U(r,z) = U,I(Z) exp[-K(r/~)~] = (kU,D,/z) exp[-K(rl~)~], fUs 

Where, 

K = Flow momentum constant = 2 k2 , unitless 

The jet discharge velocity, U, can be determined from the actu;. p m p  flow rate Q (ft3/s) divided by ....: 
total pump exit nozzle area A, (ft2), or 

U, = Q/& , ft/s (8) 

(9) where A., = Nn(DJ2)2 , ft2 

and N = number of pump nozzles. 

4.2.5 Radial Flow Distribution 

Let UR = the dimensionless ratio of the local velocity, U(r,z) and the maximum (centerline) jet local 
velocity, U&), or 

UR = U(r,z)Llcl(z) , unitless (10) 

This gives an effective boundary radius of the nominal jet given by Trent, 1994 and Fargo, 1999 as 

rmx(2) = Z [ - (hu~)K]’”  -t DJ2 , ft (11) 

Where, as before, the flow momentum constant K is defined in terms of the diffusion coefficient to be 

K = 2k2 , unitless Bamberger, 1990 and Fargo, 1999 (7) 

From a practical standpoint, the effective jet radius boundary at a distance z downstream is typically 
chosen to be where the velocity ratio UR is equal to 0.1, or 10% of the maximum jet centerline velocity, 
according to Trent, 1994. 
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mere v is the kinematic viscosity of the fluid and is equal to the absolute viscosity p divided by the 
luid density p. or, 

1 = p/p in fi2/s (12) 

n this analysis, the Trent expression for r,,, will be used since this gives the largest radius. 

Figure 4-10. Effective Radius. 

..2.6 Drag Force on Vertical Pipe Component 

;or the condition with a diverging jet flow impinging upon a component, a non-uniform flow exists, 
i.e., where the flow velocity varies with location on the projected area of the component). The equation 
or the drag force (1) under these conditions becomes: 

'utting area A of this equation in the terns of the coordinates (horizontal x and vertical y). both 
erpendicular to the flow axis direction (z) gives, 

+Y 
'd = ['/z p/gc] I., U2(X,Y) Cd(X,Y) dxdy , Ibr 

'd = [I12 pi&] Dd-y U?Y) Cd(Y) dy ,1br 

(14) 

'or a component modeled as a pipe of fixed diameter D,, this becomes: 
+Y 

(15) 

J(y) is the fluid velocity profile along the axis of the pipe and -y to +y are the integration limits for the 
npinged pipe length. The pipe diameter is assumed small compared to the variability of the flow 
elocity (assumed constant velocity over width of pipe diameter). 
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The drag coefficient Cd(Y) is a function of Reynolds number, Re(y), which in turn is a function of the 
local flow velocity U(y), at the pipe component axial location y, or 

Re(y) = U(y)Ddv = pU(y)Ddp, unitless (16) 

4.2.7 Local Flow Velocity at  Component 

For an in-tank component a fixed distance q, fiom the nozzle exit, equation (6) becomes 

U(r,qJ = U d q J  ex~[-K(rlzp)~l= [kUoDdzpl ex~[-K(rlzp)~l , fUs (17) 

For a jet centered on the vertical axis of the component, the maximum drag force is given by 

4.2.8 Drag Coefficient 

In order to perform the numerical integration, Cd(Re) needs to be expressed in a functional form. The 
drag coefficient, &(Re), is given empirically, Trent, 1994 as a function of the Reynold's number to be 

lOglo[Cd(Re)] = [0.75 - loglo(Re)]{0.5 - tan-'[0.24(loglo(Re))]/n} +0.52 +a +b +c (18) 

Where a = 0.45 exp{-0.32 [loglo(Re) - 3.3512} (19) 

b = 0.69 exp{-1.40 [loglo(Re) - 4.80l2) 

c = 0.34 exp{-7.00 [loglo(Re) - 5.40l2) 

Expression (21) is stated by Trent, 1994 to be accurate to within f 8% over the range of Re from 0.15 
Re 54x10'. Cd(Re) is easily obtained as the anti-log to the base 10 of loglo[Cd(Re)]. This value is then 
related to Cd(Y) and used in equation (13). 

4.2.9 Effect of Sludge Buildup 

Within the limits of this analysis, sludge buildup on in-tank components is assumed to be uniform over 
the component length within the effective jet flow region. With this assumption, the effect of sludge 
buildup is to increase the effective diameter of the pipe. 

Julyk (1997) presents the component effective diameter with sludge buildup as 

D, = D, + 2T = D,[ 1 + (2T/D,)] , ft (22) 

Where T is the assumed uniform sludge buildup thickness in the same units as D,, and as before D, is 
the clean component diameter. 
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4.2.10 Wall Force 

The equation for the force on the tank wall for a uniform (constant) velocity distribution is given by 

F, = (p/2gc) U2 A, Ibr (23) 

For a non-uniform velocity distribution [U(r,z)], the equation becomes 

F, = (p/2gc) U(r,zI2 dA, Ibr 

Since A = x r2, ft2 

dA = 2x r dr. ft2 

Defining r,,, to be a function of z is [repeated here], 

rmx(z) = z [-(lnU~)iK]”~ + Dd2 , ft 

UR = 0.1, or 10% of maximum to define effective circular flow area boundary. 

The equation for F,(z) then becomes 

F&) = (xplg,) U(r,z)’ rdr , Ibf 
m x  

Substituting in equation (6) for U(r,z) this becomes 

F,(z) = (xp/g,)(kU,D,/z)2 I, exp[-2K(r/~)~] rdr , Ibf 
m x  

This is plotted in the attached calculation (Appendix B) where z is the variable distance from the nozzle 
exit to the wall, in feet. It is interesting to note that the force on the wall varies little as a function of z, 
within the limits of the calculations, due to conservation of momentum effects. 

4.2.11 Yield Stress Analysis 

The A53, Grade A carbon steel yield value (Sy) was used for non-critical components. The AISC 
allowable (.66 Sy) was used to analyze the components which were critical to the operations or which 
were of major concern. This will provide a more conservative approach to critical components while 
assuring that non-critical components do not break and fall into the tank, bend to the point that they 
cannot be removed, or damage other equipment. 

The yield strength calculations are applied using solid cross sectional areas of various diameter carbon 
steel pipes while the plastic hinge deflection calculations are applied using the shape cross sectional area 
for the respective pipes. Appendix B - Calculation ME-07 presents these results in their entirety. 
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The specific components of concern are the airlift circulator (ALC) thermowells, sluice pit drains, and 
all new thermocouple trees. AY-101 Farm impingement forces were analyzed since they represent the 
bounding case for both AY-101 and AY-102. SY-101 bounded several components in the other tanks 
and the individual tank components from SY-102 and SY-103 were also analyzed. AW-101 
components were the bounding cases for AW-103 and AW-104. The tank wall was analyzed for AY- 
101 since the mixer pumps are closest to the wall in that tank. Refer to Figures 4-2 through 4-9 for riser 
configurations and component locations in each of the tanks. Section 4.3 summarizes the results of this 
analysis. 

4.2.12 Plastic Hinge Limit Deflection 

The components of concern for this analysis are the equipment that could: 1) impact the tank wall upon 
deflection, 2) impact other pieces of equipment that are critical to tank operations, or 3) deflect 
significantly and thus reduce their effectiveness. Since very few components exceeded their yield stress 
at 70 percent or 100 percent pump speed, the determining criteria became the plastic hinge limit 
deflection. This was a slightly more conservative analysis approach than yield stress and used the shape 
cross sectional area to compute the forces. All of the components were analyzed for deflection. The 
same yield stress values were used as in the yield stress calculations. 

The worst-case deflection for each component is presented (typically the shorter distance to one of the 
mixer pumps defined the worst case) in Section 4.3. Where the forces from each pump were equally 
detrimental, both values were presented. 

4.2.13 Fatigue and Cycling Analysis 

Fatigue analysis was based on the approach contained in Winkel (1989). Bounding numbers of 
rotational cycles nozzle passes, were used with allowable stresses to calculate the maximum force that 
each component could endure without failing due to fatigue. Results of this analysis are presented in 
Section 4.3. 

The yield stresses at the riser flange connections to the components were compared against AISC fatigue 
allowable values. The maximum force for each component to reach its allowable cycle limit is detailed 
in Appendix B. 

From the data, it can be concluded that all components that fail due to fatigue are to be removed or 
controlled for other reasons. Therefore, no additional equipment needs to be removed due to this 
consideration. 

4.3 Analysis Results 

The following summarizes the results of calculations contained in Appendix B. Tables 4-1,4-2, and 4-3 
provide yield stress results. Table 4-4 summarizes deflection results, and Table 4-5 contains fatigue 
analysis results. Result analysis and recommendations by component are provided in section 4.1.3.. 
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Component Allowable Estimated Estimated Force Distance from Distance 
and Riser No. Force (Ibf) Force at  70% at 100% Pump Center of Tank From Pump 

TempTree #5 
Transfer Pumn 

A l s c  Pump Speed (Ibf) Speed (Ibf) (ft) Nozzle (ft) 
MP1 MP2 MPl I MP2 MPl I MP2 

366 40.7 42.1 80.3 I 88.7 3 22.5 I 16.5 
1273 41.6 40.8 105.7 1 89.4 3 16.5 I 22.5 

~~ 

- 11” #I2 
Transfer Pump 
- 32” #I2 

HND Team 

16,270 59.4 49.3 191.5 147.6 3 16.5 22.5 

Page 17 

#14A 
NewTemp. 
Tree with 
sludge Riser 
#15L 
Tank Wall 

103.5 88 34.8 12.3 56.3 366 AlSC 41.4 45 

15.5 15.5 4.7 x IO6 247 247 913 37.5 
AISC 
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Component Riser No. Allowable Estimated Estimated Distance from 
and Tank No. Force (Ibf) Force at 70% Force at 100% Center of Tank 

AISC Pump Speed Pump Speed (ft) 
(Ibf) (Ibf) 

MPl 1 MP2 MPl I MP2 
Vel Den Temp Tree 61 47.8 1 41 84.1 I 104 20 

dIXER PUMP IMPINGEMENT FORCE Report No. 990920203-015, Rev. 0 
)N IN-TANK EQUIPMENT September 2000 

Distance 
From Pump 
Nozzle (ft) 

MPl 1 MP2 
38.1 I 9.9 

tanks Riser #5 

Transfer Pump 11” all 
tanks Riser #I3 
Vel Den Temp Tree 

Riser #3 - sU-101 
New Temo Tree - all I 366 I 40.8 I 42.9 I 88.7 I 803. 1 3 I 16.5 I 22.5 

1273 40.8 41.6 89.4 105.7 3 22.5 16.5 

61 45.8 40.8 88.2 86.8 28 45.9 14.1 
Riser#15 - SY-101 

Multi-function Temp 

Multi-function Temp 

Transfer Pump, SY- 

Tree SY-101, -103 
Riser #I8 

Tree SY-IO1 Riser 
#I9 

102 only Riser #23 

42 48 48 81.8 81.8 28 33.9 33.9 

42 41 44.9 86.8 88.2 28 14.1 45.9 

106 45.4 41.3 87.6 102.5 30 49.1 11.1 ~ 
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Nith the estimated operating cycles provided by the Design Authority, and a fatigue force analysis from 
Ninkle (1989), a prediction is made for fatigue failure. The results are presented in Table 4-5. 

Tal 
Tank & Components 

4W-101, 103, 104 * 

New Temperature Trel 

Transfer Pump - 11” 

Transfer Pump - 32” 

4Y-101,102 
Air Lift Circulator 14 & 21 

Transfer Pump - 11” 
Transfer Pump - 32” 

Sluice Pit Drain 
Drywell 

New Temperature Tree 

sY-101,102 
VDTT riser #3 

New Temperature Tree 

New Transfer Pump - 11” 

New Transfer Pump - 32” 

VDlT riser #15 

MIT riser #18 

MIT riser #19 

Transfer Pump - SY-102 

Estimated Values Allowable Force For 

Der tank Cvcles 
‘10 @lo days <7,600 

10 @lo days 57,600 

10 @lo days 57,600 

each 

each 

each 

30 weeks 120,960 
30 weeks 120,960 
30 weeks 120,960 
30 weeks 120,960 
30 weeks 120,960 
30 weeks 120.960 

10 @lo days 57,600 

10 @lo days 57,600 

10 @lo days 57,600 

10 @lo days 57,600 

10 @lo days 57,600 

10 @lo days 57,600 

10 @lo days 57,600 

10 @lo days 57,600 

each 

each 

each 

each 

each 

each 

each 

each 

225.4 

857.2 

10,939.5 

212.2 
714.4 
9116.3 
25.1 
99.4 
187.9 

41.5 

225.4 

857.2 

10,939.5 

41.5 

28.1 

28.1 

71.4 

Maximum 
Calculated Force 

(IW 

88.7 

105.7 

191.5 

609 
89.8 
148.7 
276 
103.5 
103.5 

104 

88.7 

105.7 

191.5 

88.2 

81.8 

88.2 

102.5 

h i y  the components that are closest to the mixer pumps, had the highest force, or which were marginal 
n acceptability are presented in the following tables. The rest of the values are in Appendix B along 
vith the calculations. 

t should be noted that the force values indicate an interesting anomaly. In some cases, the mixer pump 
urthest from an in-tank component imposes higher forces on the component than the closer pump. This 
ihenomena is due to a sudden increase in the drag coefficient as a slowing flow transitions from 
urbulent to laminar conditions. With turbulent flow, the drag force decreases with decreasing flow 
velocity. Likewise, the drag force of a laminar flow decreases with decreasing flow velocity. However 
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as a slowing flow transitions from turbulent to laminar, the drag increases as the flow field restructures 
itself around an object in the flow path (Fox 1985). This phenomena was not apparent in Julyk (2000) 
that considered lower viscosity wastes. Since the Reynolds number is inversely proportional to the fluid 
viscosity, lower viscosity fluids will transition from turbulent to laminar flow at a lower velocity. Thus, 
lower viscosity fluids will experience the force increase anomaly at a fiuther distance from the mixer 
pump nozzle. Julyk used a viscosity of 2 cp that wouldn’t produce the increased force anomaly until the 
jet flow was outside the tank shell. This analysis used a viscosity of 30 cp that results in increased drag 
coefficient in the 35 to 45 ft range. 

4.3.1 Control Recommendations 

241-AW Tank ComDonent Recommendations 

0 The New Temperature Tree (riser 16, all tanks) is well within allowable forces for yield and 
deflection and is acceptable at 100 percent pump speed. Fatigue is not a concern on this 
component. 

Action: Pump may be operated at full speed when passing this device. 

The New Transfer Pump (riser 12, all tanks) is well within allowable forces and deflection at 100 
percent pump speed. Fatigue is not a concern on this component. 

Action: Pump may be operated at full speed when passing this device. 

0 

241-AY Tanks 

0 The ALC-21 (riser 2, both tanks) slightly exceeds allowable force (6 Ib f )  due to yield at 100 
percent pump speed; it is within 12 percent of allowable with respect to deflection. Fatigue is a 
primary concern at 100 percent pump speed, especially during pump insertion. At 70 percent 
pump speed; the force values are well below allowable forces. 

Action: Slow pump speed to less than 100 percent ( ie .  7Opercent) when passing this device. 
This action is only necessary when operating the mixer pump during incremental lowering. 
Pump may be run at IOOpercent when fully inserted. Detailed fatigue analysis should be 
performed in Definitive Design. 

The ALC-14 (riser 2, both tanks) falls within 5 percent of allowable force at 100 percent pump 
speed. This is beyond the margin of error for this calculation. 

Action: Slow pump speed to less than IOOpercent (i.e. 70percent) when passing this device. 
This action is only necessary when operating the mixer pump during incremental lowering 
Detailed fatigue analysis should be performed in Definitive Design. 

The ALC-21 Thermowell (riser 3, both tanks) does not exceed allowable force or allowable 
deflection at 100 percent pump speed. 

0 

a 
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Action: Pump may be operated at full speed when passing this device. 

The ALC-14 Thermowell (riser 3, both tanks) does not exceed allowable force or allowable 
deflection at 100 percent pump speed. 

Action: Pump may be operated at full speed when passing this device. 

The Sluice Pit Drain (risers 1OC and 10A, both tanks) exceeds allowable force due to yield an- 
deflection at 100 percent pump speed. Fatigue is a concern at 100 percent pump speed, 
especially during pump insertion. At 70 percent pump speed, force values are below allowable 
forces for yield and deflection. 

Action: Operate pump below 70percent speed when passing this device. The drain only extends 
to within 5 3  of the tank bottom; therefore, reduced speed may only be necessary during 
incremental pump insertion. Detailedfatigue analysis should be performed during Definitive 
Design. 

The Drywell (riser 14B, both tanks) does not exceed allowable force or allowable deflection at 
100 percent pump speed, however, the components are above allowable for fatigue. 

Action: Operate pump below loopercent speed when passing this device. Detailedfatigue 
analysis should be peflormed during Definitive Design. 

The Leak Detection Pit Drain (riser 1 IA, both tanks) does not exceed allowable force or 
allowable deflection at 100 percent pump speed. Fatigue is not a concern for this component. 

Action: Pump may be operated at full speed when passing this device. 

The New Temperature Tree (risers 15D and 15L, both tanks) does not exceed allowable force or 
deflection at 100 percent pump speed. Fatigue is not a concern for this component. 

Action: Pump may be operated at full speed when passing this device. 

The Tank Wall forces are well below allowable. 

Action: Pump may be operated at full speed when passing the tank wall. 

Z41-SY Tanks 

D The Velocity Density Temperature Tree (riser 3, tank 101) exceeds the allowable force and 
allowable deflection at 100 percent speed. Fatigue is also a concern. 
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Action: This instrument should be removed from the tank since it is not needed from an 
operational or safety perspective. Slowing the mixer pump speed would reduce mixing 
effectiveness without a noticeable benefit. 

The Velocity Density Temperature Tree (riser 15, tank 101) exceeds the allowable force and 
allowable deflection at 100 percent speed. Fatigue is also a concern. 

Action: This instrument should be removed from the tank since it is not needed from an 
operational or safety perspective, Slowing the mixer pump speed would reduce mixing 
effectiveness without a noticeable benefit. 

The Multi-Function Instrument Tree (riser 18, tanks 101 and 103) exceeds allowable force and 
deflection at 100 percent and exceeds allowable force at 70 percent speed. Fatigue is also a 
concern. 

Action: This instrument should be removed from the tank since it is not needed from an 
operational or safety perspective, Slowing the mixer pump speed would reduce mixing 
effectiveness without a noticeable benefit. 

The Multi-Function Instrument Tree (riser 19, tank 101) exceeds allowable force and deflection 
at 100 percent and exceeds allowable force at 70 percent speed. Fatigue is also a concern. 

Action: This instrument should be removed from the tank since it is not needed from an 
operational or safety perspective, Slowing the mixer pump speed would reduce mixing 
effectiveness without a noticeable benefit. Fatigue is also a concern. 

The Transfer Pump (riser 023, tank 102) is within 5 percent of allowable force at 100 percent 
pump speed. This is within the margin of error for the calculation. It does not exceed allowable 
deflection. 

Action: This pump should be removed from the tanksince it is not needed from an operational or 
safety perspective, Slowing the mixer pump speed would reduce mixing effectiveness without a 
noticeable benefit. 

The New Transfer Pump (riser 013, all tanks) is well within allowable forces and deflection at 
100 percent pump speed. Fatigue is not a concern. 

Action: Pump may be operated at full speed when passing this device. 

The New Temperature Tree (riser 005, all tanks) is well within allowable forces and deflection at 
100 percent pump speed. Fatigue is not a concern. 

Action: Pump may be operated at full speed when passing this device. 
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1.3.2 

<eduction of pump speed, as is recommended to preclude damage to some components, imposes areas 
if  reduced mixing effectiveness. When this is taken in conjunction with the overlap from another pump, 
here is a resulting shadow effect (refer to Figures 4-1 1 and 4-12.) 

Effect of Reduced Pump Speed on Tank Mixing 

PLAN VIEW TANK 2 4 1 - A Y - 1 0 1  

Figure 4-11. Plan View Tank 241-AY-101. 

! M e  this effort can have slight impacts on the overall mixing of the tank wastes, operation of the mixer 
umps in the recommended manner should not significantly impact waste characteristics. This result 
ppears to be confirmed based on the test results from mixer pump operation in tank AZ-101. 

urther analysis must continue as more detailed data becomes available from pump manufacturers, field 
:sts, and waste sampling. 
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PLAN VIEW TANK 241-AY-102 

Figure 4-12. Plan View Tank 241-AY-102. 

i.0 CONCLUSIONS AND RECOMMENDATIONS 

rables 4-1 through 4-3 summarize the results of the impingement force analysis performed on key 
:omponents installed in tanks AW-101, -03, -04, AY-101, -102, SY-101, -02, and -03 at 100 percent and 
'0 percent mixer pump speeds. Plastic hinge deflections, and allowable deflections based on component 
,hape, associated with those maximum forces are calculated in Appendix B and tabulated in Tables 4-4 
md 4-5. The results also consider fatigue analysis. 

herall conclusions and recommendations are provided in the following sections. 

i.1 241-AW Farm 

All components within the AW tanks can withstand the impingement forces that will be applied. Since 
transfer pump design is not yet determined, the procurement specification should make it clear the forcer 
that these pumps must endure while operating. 
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5.2 241-AY Farm 

The ALCs closest to the mixer pumps (ALC-21 and ALC-14) will experience forces slightly exceeding 
or very near their allowable if the mixer pump is operated while it is being lowered into its final installed 
position. In addition, forces calculated exceed the allowable for fatigue. Thus, the mixer pump speed 
should be slowed while a jet nozzle is passing these components. After full insertion of the pump, the 
jet flow will mostly pass under the ALCs; at this time, it should be possible to operate pumps at 100 
percent speed. Further analysis is needed. 

The ALC thermowells do not have an operational use, are permanently welded in place, and analysis 
demonstrates they will not exceed their limit load for yield or deflection. No controls are recommended 
for these components. 

The sluice pit drains exceed their yield force allowable limit for 100 percent pump speed. In addition, 
forces calculated exceed that allowed for fatigue. Mixer pumps will only impinge on these components 
as they are being lowered into the tanks. Therefore, when the pump jets are in-line with any of the ALC 
thermowells and sluice pit drains they should be at 70 percent speed. If operated for the entire project 
mission with jets in line with the drains (an unlikely occurrence) fatigue is an area of concern for these 
components. This should be further analyzed during Definitive Design. 

The previous discussion identified certain components that require a reduction in mixer pump operating 
speeds as the nozzles oscillate past in order to avoid damage to the components. This reduction in speed 
will create certain areas in the tank where the mixing effectiveness will be slightly diminished. 

5.3 SYFarm 

Fatigue concerns associated with the velocity density temperature trees in tank SY-101 make it 
advisable to remove these components. Replacement is not required as the temperature measurement 
function is being met by the new temperature tree to be installed in riser 5 .  

Fatigue concerns associated with the multi-function instrument trees in tank SY-101 and SY-103 make it 
advisable to remove these components. Replacement is not required as the temperature measurement 
function is being met by the new temperature tree to be installed in Riser 5. However, tank pressure 
measurement will be needed on each tank and a tie-in for the existing gas sample station will be needed. 

The existing inoperable evaporator transfer feed pump installed in riser 23 of tank SY-102 should be 
removed since it will affect the effectiveness of tank mixing, is not needed, exceeds fatigue allowed, and 
is near its allowable force value. 

5.4 General Recommendations 

In all tanks there are two mixer pumps operating simultaneously. Coincidental jet forces impinging on 
components simultaneously will produce a larger, cumulative force than that which has been calculated 
in this report. Therefore, controls should be placed on the pumps such that jets will not contact a 
vulnerable component simultaneously. 

~ 
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During design, after mixer pumps have been specified more thoroughly and increased pump 
performance data is known, this analysis should be reviewed to verify or modify conclusions. 

During mixing operations, it is recommended that cameras be used to verify and periodically monitor 
deflection of installed components due to mixer pump forces. 

5.5 Cost Impact 

No cost savings from the CDR baseline estimate results from this detailed analysis. The cost increase 
due to removing additional components have been accounted for in Task 12 (see Attachment L). 
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Appendix A 
Spreadsheets and Diagrams for Tank Component Locations 
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Appendix B 
Impingement Force Analysis 
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Deflection Analysis 
INTRODUCTION 

Purpose 

Sr 

Scope 

DESIGN BASIS 

Design Inputs 

Criteria 

Assumptions 

The purpose of this analysis is to estimate the imjiigement forces on 
components located within Tanks AW-101, AW-103, AW-104, AY-101, AY- 
102, SY-101, SY-102 and SY-103 as a part of the Advanced Conceptual 
Design Report (ACDR) for the W-521 Project. These force estimates will 
then be compared against allowable yield forces for the components. The 
impingement forces will be used to determine component deflection for 
comparison against plastic-hinge limit load allowables. The comparison 
results will be the basis for requiring removal of components from the above 
tanks prior to operation of the mixer pumps. 

The scope of this analysis is to perform a preliminary conceptual evaluation 
of the impingement forces and resulting deflection on the in-tank components 
that may be affected by exceeding yield allowables, or deflect such that the 
component interferes with other equipment or the tank wall. Forces and 
deflections will be estimated for pump flows resulting from 70% and 100% 
pump speed operation. 

Design inputs for this analysis are found in the documented references listed 
below. 

This analysis, as part of the ACDR, is determining criteria for the design of 
the W-521 Waste Feed Delivery System. 

The assumptions of this analysis are the following: 

1. The worst-case sludge build-up for analysis is 3 W, which is added to the 
overall component diameter for an effective component diameter (Julyk 
1997) and assumed over the entire length of the component 

2. The waste density is 1.4 g/cm3 and the waste viscosity is 30 centipoise 
based on Level 2 Specification criteria. 

3. The waste is assumed uniform throughout the tank fluid volume 
4. Allowable force for components that are not operational or will not be 

operational is yield, Sy. 
5 Allowable force for components that must be operational is AISC (.66 

SY) 
6 .  For deflection analysis the components are treated as cantilevers with 

constant cross-sectional properties 
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Design Calculation Title: W-521 In Tank Component lmpingement and Deflection 
Analysis 
Project No. &Title: 4412446, W-521 Advanaxl Conceptual Waste Feed 
Delivery System 

Orig: R Spencer #%% Date: ?/d/aQ 

Checker: D.Clem& Date:fh/W 

REFERENCES 

METHODS 

AISC, 1989, Manual of Steel Construciion -Allowable Stress Design, 
American Institute of Steel Construction, Inc. Chicago, Illinois. 

Bambeger, J. A., J. M. Bates, and E. D. Waters, 1990, Final Report: 
.Etperimenial Characterization of Jet Static Forces Impacting Waste 
Tank Components, PNL-7394, Pacific Northwest Laboratoly, 
Richland, Washington. 

Julyk, L. J., 1997, Evaluation of ihe Effect of Projeci W-I51 Mixer Pump Jeis 
on In-Tank Equipment Considering Potential Sludge Buildup on 
Equipment in Wasie Tank 241-AZ-101, Hanford Site Richland* 
Washington, HNF-SD-W 15 1 -DA-008, Fluor Daniel Northwest, May 
13, 1997. 

Pilkey, D. W., 1994, Formulas for  Stress, Srain, andStructural Matrices, 
John Wiley & Sons, Inc. New York, New York. 

Roarke, R J. 1965, Formulas for  Stress andstrain, 4* Edition, McGraw-Hill 
Book Company, New York New York. 

Trent, D. S. and L. A Mahoney, 1994, Simplijjed Procedure for Esiimaiion 
Cross-Stream Jet Forces on Waste Tank Insirumeni Trees, P N L  h4IT 
030194, Pacific Northwest Laboratory, Richland, Washington. 

Winkel, B. V. 1989, Evaluation of the Effects of Mixer Pump Jets on Internal 
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Define Completion, CHG-0002835, CH2M Hill Hanford Group, June 
5,20000. 

This calculation is prepared in three sections. Section 1 evaluates the 
estimated impingement forces on the components, Section 2 evaluates the 
estimated component deflections observed due to the impingement forces and 
determines the allowable plastic hinge limit load for the components, and 
Section 3 determines the allowable yield forces for the components evaluated. 

The methods used in Section 1 to perform this analysis are based on the basic 
equation of drag force on a solid body in a flowing fluid with uniform 
distribution. This equation is modified to model the diverging jet flow 
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impinging on the vertical pipe components. This evaluation is performed as a 
static evaluation and dynamic load factors from Winkel 1989 are added to the 
allowable yield force calculations in Section 3 

A review of thermocouple tree removal videos from AZ-101 indicated a 
sludge buildup on the in-tank portion of thermocouple trees. The observed 
build-up was 2 %” thick and therefore, for purposes of this analysis, a 3 %” 
sludge build-up is conservatively assumed. The increase in diameter (7” 
total) increases the jet impingement area and also affects the effective drag 
coefficient of the component. The increased jet impingement area will 
proportionately increase the jet impingement load, thus making the 3 %” 
sludge build-up a conservative assumption. The component (with sludge 
build-up) diameter is assumed uniform over the length ofthe component 
(Julyk 1997). 

A conservative approach to evaluating the themowells (3/4” pipe welded to 
the 30” ALC pipe) is to assume the force that is exposed on the 30” + 7” 
sludge ALC is what will be imposed on the thermowells. The force results 
from this calculation determined when assuming this conservative approach 
corresponds with Julyk 1997. 

This analysis also evaluates the forces on only the %” thermowells with a 
conservative assumption of the 3 %” sludge thickness added to the pipe (pole) 
diameter. The force results from a less conservative but more realistic model 
result in the thermowells being below the yield force allowable at 1OOOh 
speed. 

When the force of the pump is exerted on the ALC, the ALC will support the 
thennowell because of it’s much higher allowable force. Therefore, assuming 
that the force on the ALC is the same as the force on the thermowell alone is 
a very conservative approach. 

Additional conservatism built into this analysis is: 

For the deflection analysis, the velocity profile as shown below (Figure 1) 
is assumed a point load and modeled as impinging at the bottom of all 
components. The maximum velocity is actually at the center ofthe jet 
and the jet will be at least 18” from the bottom of the tank. Therefore, 
modeling the maximum force as a point load at the end of components 
that may be only 3” from the bottom of the tank is conservative. This 
conservatism will more than account for the velocity profile shift to the 
bottom of the tank for the interference and bounce back velocity from the 
bottom of the tank. 
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Small deflection theoty evaluation was used and has been determined to 
be conservative per Julyk and Winkel. 

Figure 1, Velocity Profile 

For the deflection analysis the moment arm of all components is assumed 
to be the entire length of the component (except for the thermowells). 
This is conservative because several of the components are supported 
inside of risers and will actually have approximately a 10 foot shorter 
moment arm, which significantly lowers the deflection. 
Dynamic load factors (Winkel, 1989) were added to the allowable yield 
and AISC values. 

The methods used in Section 2 for determining deflections are based on 
:imple cantilever beam equations directly from Roarke, 1965 for a constant 
:ross-sectional property cantilever pipe with an assumed fixed point and free 
:nd exposed to a transverse point load. The allowable deflection is based 
ipon the plastic-hinge limit load shape factor (Pilkey 1994 and Julyk 1997) 
or each component. 

The components are assumed fixed at their respective points in the tanks as 
allows: 

Themowells assumed fixed at bottom of ALC’s. The thennowell 
%” pipe extends 27” past the end of the 30” diameter ALC (See 
Page 5). 
The entire length of all remaining components is used as their 
respective moment m. 

The allowable deflection, derived per Julyk 1997 is based upon the plastic 
dnge limit. The component “limit” load which is associated with the creation 
if a plastic hinge, meaning that loads in excess of the limit load would 
mduce significant permanent deformation is used as the assumed failure for 
h k  sni l  we i r end thnrr. r n m n n n m n  tr Pvr edlrnn t hpk limit lnd .AI1 either h,= 
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WSULTS AND 
70NCLUSIONS 

this analysis and those components exceeding their limit load will either be 
removed or the pump reduced to such a speed when impinging upon them to 
maintain the stresses below the limit. 

The stresses due to the impingement load at the riser to component flange 
location have also been evaluated to ensure the yield allowable is not 
exceeded at that (worst case) location. The worst case impingement forces on 
the ALC, RDW, sluice pit drain, new temperature tree, VDTT, new 1 1” 
transfer pump, new 32” transfer pump, and SY 102 supernate pump. 

These yield stresses at the riser flange to component interface are then used to 
compare to the fatigue allowables found in Attachment 1 .  The maximum 
force for each component to reach it’s allowable fatigue cycles is charted for 
various time periods in Attachment 1. 

The methods used in Section 3 for determining the allowable yield forces is 
the conversion of the allowable stress for A53, Grade A carbon steel to the 
allowable force based on the cross-sectional properties of each component. 

A Dynamic Load Factor (DLF) (Winkel 1989) is added to allowable force 
determination to conservatively include dynamic loading of these components 
that were evaluated statically. The allowable force for the 
thermowells and ALCs is taken from Julyk 1997 due to the similarity of the 
components. 

The results are evaluated by comparing the estimated force with the allowable 
yield force (based on the cross-sectional area of the component) and 
comparing the estimated deflection with the plastic-hinge limit load (based on 
the shape factor of the pipe). The plastic-hinge limit load evaluation is the 
kmiting method of analysis in this evaluation. The yield load may be 
exceeded as long as the plastic-hinge limit load is not exceeded for the 
mmponent. Ifthe plastic-hinge limit load is exceeded but the yield load not 
Exceeded, justification for acceptance of the component is not met. 
The plastic-hinge limit load method more accurately (less conservatively) 
addresses the shape of the component instead of conservatively assuming 
~n ly  the cross-sectional area of the component. The impingement force may 
=use the component to bend more than plastic-hinge limit before reaching 
:he components yield allowable. Therefore, the components that exceed their 
dastic-hinge limit load must be evaluated more extensively in definitive 
jesign or controls must be placed on the pump when in line with these 
mmponents. 

3ased upon the several layers of conservatism this analysis has  taken into 
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account; small deflection theory calculations (per Julyk and Winkel), point 
load at bottom of components, entire length of component as moment am, 
load integrated over entire diameter of component, and the additional 10% 
DLF added, as long as the components are less than the limit load they are 
assumed to remain in the tanks. 

The profile temperature probes, LOWS and sludge temperature probes have 
been assumed to be removed based upon large deflections that could possibly 
impact the tank wall (Winkel 1989) and other Client considerations. 

The results of this analysis determined the following (see Attachment 1 
Tables): 

Using the conservative method, two themowells (for ALC 14 & 21 in 
both AY-IO1 and AY-102) that are located less than 5 feet from the 
mixer pumps exhibit slightly higher than yield force allowables but are 
below their plastic-hinge limit load allowable. 

The worst case ALCs 14 and 21 located in riser 2 exceeds the yield stress 
allowable (l00Y0 pump speed) for the riser flange to component stress 
evaluation based upon the impingement force being determined on the 
30" pipe and the pipe to flange being a 6" schedule 80 pipe. At 70% 
speed the stress is more than acceptable. Therefore, the pump should be 
slowed to 700h when in-line with ALC 14 & 21. 

The sluice pit and leak detection pit drains are below their yield and limit 
load allowable (at 70% speed) but exceed their plastic-hinge l i t  load 
and yield allowable at 100%. These components also exceed their yield 
stress allowable for the riser flange to component evaluation at 70% and 
100%. These components are 5 feet from the bottom of the tank and are 
only of concern when the pump is being lowered past them, not during 
normal pump operation. In definitive design the speed of the pump may 
be lowered to  less the 7o?h speed when being lowered past the end of the 
sluice pit and leak detection pit drains. 

The sluice pit drains also exceed their fatigue limit assuming that the 
pump were to be operating continuously 5 feet from the bottom of the 
tank. The 70% impingement force was determined to be 81 Ibf and the 
maximum force to exceed yield stress at 20,000 cycles is 70.3 Ibf 
(Attachment 1). 

The closest Radiation Dry Wells (RDW) (Risers 14a and 14b) in AY 101 
(and similarly in AY 102) are below their yield and limit load allowable 

B-55 
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at 100% speed. Although concern was placed on these components based 
on the Julyk report, the additional 4.3 feet (12.3 feet from mixer pump 
verses the Julyk 8 foot from mixer pump) lowers the impingement force 
on this component significantly. This can be seen in the Julyk report also 
where 17.7 fi from the pump yields 74 Ibf Based upon the higher fluid 
viscosity required by the Level 2 specification for this project, this lower 
force also is logical. The RDWs do not exceed their yield stress 
allowable at 100% pump speed. 

The thermowells were thought to be the components of most concern 
because they are close to the pump and small in size, ?4” schedule 40 
carbon steel pipe. However, the impingement force is smaller with the 
smaller diameter of pipe. Therefore, although the %” pipe has a lower 
allowable yield force it also has a lower impingement force. The ALC 
has higher impingement forces but can withstand higher forces (allowable 
yield force is 603 Ibf). This analysis evaluates the force that will be 
exerted on the ALC (30” diameter) and the thermowell (3/4” diameter) 
and conservatively assumes the ALC force is exerted on the thermowell. 
The allowable force (154 Ibf) for the thermowells is taken from Julyk 
1997 based upon the similarity ofthese components to the AZ-IO1 
thermowells. 

Using the conservative approach, the impingement forces on the ALC 
thermowells that are located less than 5 feet from the pumps exceed yield 
(at 70% speed) but they do not exceed their deflection l i t  load. 
Evaluating the impingement force on the thennowell instead of exposing 
the ?4” diameter pipe to the forces of a 30” diameter pipe lowers the 
impingement forces to below AISC allowables for 70% speed and below 
yield allowables at 100% speed. The l i t  load evaluation is considered 
the conservative methodology, therefore these components with the 
conservative approach and 70% pump speed are acceptable to remain in 
the tanks. 

The new 6” thermocouple trees are well below their AISC stress 
allowables, yield stress allowable at the riser to component interface, and 
limit load allowables for 100% pump speed. 

The multi-functional instrument trees (MITs) in SY 101 exceed their 
yield, AISC and limit allowable at 100% pump speed but do not exceed 
their yield and limit load allowable at 70?? speed. Therefore, the pump 
speed must be reduced when in-line with the MITs. The MITs exceed the 
yield force allowable at the riser to component interface for 100% but are 
acceptable at 70%. 

0 

0 
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The Velocity Density Temperature Trees (VDTT) exceed their yield, 
AISC and allowables at 100% pump speed but do not exceed their limit 
load at100 % pump speed. They do not exceed their AISC and limit load 
allowable at 70% pump speed. Therefore, based upon the fact that it is 
desirable that the VDTT remain functional the pump speed will be 
reduced when the jet is in-line with the VDTTs. The VDTTs exceed the 
yield force allowable at the riser to  component interface for 100% but are 
acceptable at 70% speed. 

0 The 11” and 32” conceptual design new transfer pumps are acceptable in 
all cases evaluated for 100% pump speeds in all tanks. 

The supernate feed pump in SY-102 does not exceed AISC or limit load 
allowables, nor does it exceed the yield force allowable for the riser to 
component interface for 100% pump speed. 

The sluice pit drains and leak detection pit drains in the AY tanks exceed 
their yield and limit allowable at 100% pump speed. The basis behind not 
removing the sluice pit drains or leak detection pit drains is as follows: 

a) The sluice pit and leak detection pit drains are welded to the tank 
dome and would be extremely difficult, if not impossible to remove 
from the tank. 

b) The impingement forces on the components do not exceed yield at 
700h pump speed. 

c) The deflection does not exceed the limit load allowable at 70% pump 
speed. 

d) Further evaluation can be made during definitive design, once pump 
characteristics are finalized to determine the method of controls for 
lowering the pumps past the sluice pit drains. 

e) The drains are 5 feet above the bottom of the tank and therefore do not 
affect normal operation of the pump. 

D 

4ttachment 1 tables give a compiled list of the force and deflection results for 
I c h  of the components in each of the tanks. 

The pumps must also be operationally controlled to not allow coincidental 
mpingement on the components. As shown in the Julyk report the 
mpingement forces from two pumps coincidentally being imposed on 
nmponents are much too high for the components to resist. 
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SECTION 1: Determine Maximum Force on In-Tank Components at 100% Pump Speed. 

MAXIMUM FORCE ON PIPE 

g, := 32.17 Gravitational Constant with units 

poise 
centipoise := - defined centipoise 

C, := 47870 centipoise/(lb, &2) conversion fador. for reference 

Cp := 62.428 (I&hF)/(g/cd) conversion factor, for reference 

pg:= 1.4 Fluid Density, g/cm3 

:= 30 Fluid viscosity, centipoise Gwen by Level 2 specification 

ft3 Ib p:=- P C  p=6.267x 10 - 4  c-Ck on conversions-> p := pgCp p = 87.39% - c, Ib *3 

k := 6.2 

K:=2.k K = 76.88 Flow momentum constant. unitless 

Distance from jet discharge to point of reference, R. 

2 

4, := 1 .. 50 

1 cd 
Fd := -.p.d.A.- 

2 gc dktribution. 
(1) Drag force on a solid b ~ d y  in a flowing fluid with uniform 

x:= 29.4 UoDo given by Level 2 specification 

k. X 

4, 

(2) Velocity profile as function of radius, r (at distance zp) 

Dp = Impinged Pole Diameter 

U(r.4,) :=--.e 
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Re(r,zp,Dp) := (p.ar'q)'4) (3) Reynolds Number as a function of local veloaty U(r,?,) 
P 

Dp = Impinged Pole (Pipe) Diameter 

In order to perform the numerical integration, Cd(Re) needs to be expressed in a functional form. 
The drag coefficient. Cd(Re), k given empirically by (Trent 1994) as a function of the Reynold's 
number 

[- 0.32.(dr,~,,D,)-3.35)~] 

[- 1 . 4 @ ( ~ r , ~ , , D ~ ) 4 . 8 0 ) ~ ]  
a(r,q,,Dp) :=0.45e 

b(r,q,Dp) := 0.69e 

[- 7.M).( g(r,zp,D,)-5.40)*] 
c(r,q,,Dp) :=0.34e 

Cd(r,q,.T)p) := 10 ~ " Z p ' D p )  Coefficient of Drag 

:= 10% defines boundary 

Effeactive boundary radius of the nomibal jet given by Trent, 1994. 

r d q ) : = q , / F + b  2 (4) 

r d q )  :=@ 

r d l )  =0.173 

For the condition with a diverging jet flow impinging upon a component. a ndn-uniform flow exists, 
i.e.. where the flow velocity vanes with location on the project area of the component. The 
equation for the drag force (1) under these conditions becomes: 

-In UR (5 )  .=-To Obtain a as Function of U.D. 
[Eliminate Don Term, assumed small] 
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<-Terms Outside of Integral in 
equation 11 can be evaluated 4 2 

Fd(4,, 4) := -.[ ''% T] (k.x) + 90268.12804977556729g 

zpz 
gc 

Terms inside of the integral, (equation 
11) for a component modeled as pipe 
of bed diameter (Dp) are: 

2 

cd('.zp .%).e m I.(?$ 1%) := 

The drag force equation then becomes 
Equation (12)'Equation (13): FD(zP, 4) := Fd(zP,%).In(zP,%) 

AY 101 Calculations (All F, results are Ibf) 
- 

F ~ ( 8 . 4 3 . 0 9  = 352.197 

F~(8.4.3.08 = 336.468 

F~(4 .5 .0 .09  = 92.386 

F~(4.6,0.09 = 92.295 

F~(8.0,0.09 = 72.514 

FD(4.63.08 = 595.921 F~(8 .4 .0 .09  = 69.698 

F~(12 .40 .59  = 78.467 

F~(7.9.0.59 = 87.417 

FD(4.5,0.65) = 147.642 

F~(4.60.65) = 145.076 

F~(8.40.65)  = 98.885 

F~(8.4,0.65) = 96.258 

F~(7.9.1.09 = 141.335 

F ~ ( 1 2 . 4  1.08 = 102.983 
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Riser 6A New Transfer Pump 3 2  Mier  #1 8 #3 

Rser 6A New Transfer Pump 1” Mixer #I 8 #3 

F~(22.3.3.25) = 148.703 

F~(22.3,1.5) = 89.802 

Riser 11A Leak Detection Pit Drain Mier  #1 

Riser 11A Leak Detection PI Drain Mier #3 

Rser 13A Profile Thermocouple Probe Mier  # l  

Riser 13A Profile Thermocouple Probe Mier  #3 

F~(48.9,.92) = 88.444 

F~(24.1,.92) = 78.287 

F~(21.6.92) = 78.834 

~~(53 .3 , .92)  = 90.1 14 

Design Calculation Title: W-521 in Tank Component Jmplngement and Dellecbon 
AnalVSlS  
Project No. &Title. 4412046, W-521 Advanced Conceptual Wasle Feed 

Orig: R Spencer a Date: ?/z7/oc~ 

Checker: D.Clements Date: 9/,e/@ 
Delivery System LMDC 

Riser 138 Profile Thermocouple Probe Mier  #1 

R i r  138 Profile Thermocouple Probe Mker #3 

Riser 13C Profile Thermocouple Probe Mrer #I 

R i r  13C Profile Thermocouple Probe Mier  #3 

Riser 13D Profile Thermocouple Probe Mier  #I 

Riser 13D Profile Thermocouple Probe Mier#3 

F~(50.8.92) = 89.214 

F~(26.9, .92) = 78.47 

F~(53.3,.92) = 90.114 

~ ~ ( 2 1 . 4 . 9 ~ )  = 78.834 

F~(26.9,.92) = 78.47 

F~(50.8.92) = 89.214 

Rser 15A New Thermocouple Mier # I  

Riser 15A New Thermocouple Mier #3 

R i r  15D New Thermocouple Mier # I  

Riser 15D New Thermocouple Mier #3 

Riser ISH New Thermocouple Mier  #I 

Riser ISH New Thermocouple Mier #3 

Riser 15L New Thermocouple Mier  #1 

Riser 15L New Thermocouple Mier #3 

Riser 15P New Thermocouple Mier  # I  

R i r  15P New Thermocouple Mier #3 

F~(13.3,1.0@ = 98.852 

F~(33.3,1.0@ = 78.805 

F~(56.3.1.08) = 88.037 

F~(12.4, I.O@ = 102.983 

F~(40,1.0@ = 81.058 

F~(41.3,1.0@ = 81.601 

F~(12.3,1.0@ = 103.489 

F~(56.3,l.OQ = 88.037 

FD(41.3,1.0@ =81.601 

FD(40, 1.08) = 81.058 

_I Riser 16A Sludge Temperature F~(33.2.92) = 80.616 

Riser 16A SludgeTemperature Mier#3 FD(13.2,.92) = 91.291 
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Riser 16B Sludge Temperature Mixer #l 

Riser 16B Sludge Temperature Mixer #3 
~ ~ ( 1 3 . 5 . 9 2 )  = 90.338 

~,,(32.9,.92) = 80.508 

Riser 14G Dry Well Mier #I 

Riser 148 Dry Well Mixer #3 

Rker 14A Dry Well Mixer#l 

Riser 14A Dry Well Mixer #3 

Riser 148 Dry Well Mier #I 

Riser 148 Dry Well Mixer #3 

F ~ ( 5 3 . 4  1.08 = 86.898 

F~(I2.Ll .08)  = 104.531 

F~(32.41.08) = 78.715 

F~(12.31.08) = 103.489 

FD( 12.3 1.08) = 103.489 

F~(32.9.1.08) = 78.715 

I 

Riser 14C Dry Well Mixer # I  8 #3 F~(24 .81 .09  = 79.038 

Impingement Foroff AY Tank Components 
I I I I 1 .lo3 . I .\ 1 

I I I 1 .  I 
IO 20 30 40 50 

ZP 
Cornpent Distance, A 

DF.65 
DP=.83 
DF.92  
DP1.08 
DP=I.5 
DP3.08 
DF3.25 

- 
- 

- 
.... 
-.  
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AW 101 Tank (Bounds all AW Tanks) 

New Temp tree riser 5 Mier #1 Fg(22.5,I.OS, = 80.31 

New Temp tree riser 5 Mier #2 FD( 16.5,l.Oq = 88.726 

New Transfer Pump Mixer 11" Mixer #1 

New Transfer Pump Mier 11 " Mier #3 

New Transfer Pump Mixer 32" Mixer #1 

New Transfer Pump Mier 32" Mbter #3 

Fg(16.5,1.5) = 105.727 

Fg(22.5,1.5) = 89.444 

Fg(16.5.3.29 = 191.45 

Fg(22.53.29 = 147.642 

Impingement Forces AW Tank Components 
I I I I 

IO I I I I 
10 20 30 40 50 

50 

10 

2 = P  
I I 
DistsnCChPump,A 

B-63 
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sy 101 Tank (Bounds SY 103 Tank) 

Riser 3 Vel Den Temp Tree Mier #1 

Riser 3 Vel Den Temp Tree Mier #2 

F~(38.1.0.874 = 84.137 

F~(9.9,0.879 = 103.904 

Riser 5 New Temp Tree Mier # l  

Riser 5 New Temp Tree Mier #2 

F~(16.5,1.0@ = 88.726 

F~(22.5,1.0@ = 80.31 

Transfer Pump 11" Mier #1 

Transfer Pump 11" Mier #2 

F~(22 .5 , l .q  = 89.444 

F~(16 .5 , l .q  = 105,727 - 
Vel Den Temp Tree Riser 15 Mier #1 

Vel Den Temp Tree Riser 15 Mier #2 

F~(453 .875)  = 88.169 

F~(14.1,.875) = 86.785 

MI1 Riser#l8 M i e r # l  8 #2 F~(33.9.375) = 81.834 

MIT Riser #19 Mier # l  

MIT Rser #19 Mrer #2 

FD( 14.1.375) = 86.785 

F~(45.9,.875) = 88.169 

SY 102 TANK 

Rker 1 Liquid Observation Well Mier # l  

Riser 1 Liquid Observation Well Mier #3 

F~(9.9,.92) = 107.201 

F~(38.1,.92) = 83.105 

Riser 23 Transfer Pump Mier#1 

Riser 23 Transfer Pump Mixer #3 

FD(49.1,.99 = 87.631 

FD( 1 I .  I, .96) = 102.549 
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IO 

Impingement Forces SY Tank Components 

I I I I I 
10 20 30 40 50 

2 ZP 
Distsnce fium Pump. A 

D P . 9 2  
DP.875 
DP1.08 
DP1 .5  

- DP3.25 

- 
____.  
_ .  

50 
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WALL FORCE AS FUNCTION OF U .O0 

The equation for the force on the tank wall for a uniform (constant) velocity distribution is given 
by: 
Fw=(p'2gJ@A, Ibf (14) 
For a non-uniform ve lom Equation (14) becomes: 
Fw= (@gJ U(r,z)2 dA. Ibf (15) 

Defining r, as a function of z Equation (4) above is 
used. r d z )  := z. 

UR := . I  assumption 

<- New Expression to get r max = Function of U .Do 
r d z )  := z. 

2 X := Uo.Do X := 24.. 36 

I& 
Substituting equation (2) for U(rz) 
equation (1 5) becomes: 

Wall Impact Force as a Function of UoDo 

I .lo4 I . ~ ~. . . .... . .~~. . .. ~ . . .. . . . . ...:. .. ~ ... ~~ 

24 25 26 27 28 29 30 31 32 33 34 35 
I 0 0  

X 
UODO, Sq-ws 

Fw(15.5,29.4) = 912.948 

.. 
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Design Calculation Title: W-521 In Tank Component Impingement and Deflection 
Analvsis 1 

Orig: R S p e n c e r m  Date: 9 27/0 i 

Proj& No. & Title: 4412-046, W-521 Advanced Conceptual Waste Feed 
Delivery System 

MAXIMUM FORCE ON PIPE - 70% PumD Swed 

At 70 % Pump Speed; UoDo Reduced from 29.4 by 52%. A ratio of 11.54 cu-ftlsec to 
about 6.0 cu-Met. This ratio is based on discussion with pump vendor. 

X := 29.40.52 

X = 15.288 

k. X 

zp 
(3) Velocity profile as function of radius, r (at distance zd 

U(r,zp) :=--.e 

Re(r,zp,Dp) := (P.U(r’zpp)’D,,) Reynolds Number as a function of local veloclty U(r,$) * 
Dp = Impinged Pole (Pipe) Diameter ”. 

In order to perform the numerical integration, Cd(Re) needs to be expressed in a functional form. 
The drag coefficient, Cd(Re), is given empirically by (Trent 1994) as a function of the Reynolds 
number 

Note: log,,(525) = log(525, IO) = 2.72 max 
g(r, %,Dp) := h(Re(r,zp .4). 10) 

a(r,zp,Dp) := 0.45 

b(r,zp,Dp) := 0.69 

c(r,$,D,,) :=0.34 

1- 0.32.(B(r.zp.Dp)-3.35)’~ 

I- 1.40.(B(r, Zp. DP)-4.80)’- 

6- 7.00.(B(r,zP.Dp)-5.40)’- 
1 atan[0.24(g(r9zp,4) - 2)] 

w(r,+,Dp) := (0.75- g(r,%,Dp)). 
X 

+0.52+ a(r, lp.g) + c(r.5.g) 

Cd(r,+,D,,) := 10W(r’Zp*Dp) Coefficient of Drag 
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Effective boundary radius of the nominal jet given by Trent, 1994. 

2 

(5) c- To Obtain F, as Function of U .Do 
[Eliminate DOL? Term, assumed small] 

r d l )  =0.173 

For the condition wiih a diverging jet flow impinging upon a component. a non-uniform flow e & s ,  
i.e., where the flow velocity varies with location on the project area of the component. The 
equation for the drag force (1) under these conditions becomes: 

Fd= (In +gJ U2 C,dA. Ibf (11) 

(12) 
DP 

2 Terms outside 
of the integral in 

be evaluated. 

+ 24408,50182465931339~ equation 11 can F ~ Z P ~ D P )  
7Q2 

- 

2 
Terms inside of the integral, (equation 
I 1) for a component modeled as a 
pipe of fDad 
diameter (Dpj are: 

(13) 
cd(r. 4,. ’).e dr In(+. 4) := 

The drag force equaiton then becomes 
Equation(l2)’ Equation (13): F~(zp&) := Fd(zp,g).In(zp,&) ( 14) 

B-68 
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Design Calculation Title: W-521 In Tank Component impingement and D e l l d o n  
Analysis 
Project No. &Title: 4412-046, W-521 Advanced Conceptual Waste Feed 

Orig: R. S p e n c e r s  Date: ?b 7 / .  

Checker: D.Clements Date: Q&D 

_- 

Delivery System cLy7c 

,- 

AY 101 Added Calculations 

F~(8.0,3.0@ = 100.974 

F~(8.4,3.0@ = 96.789 

F~(4.63.019 = 166.714 

F~(4.5.3.08) = 170.165 

F~(2 .a .83)  = 80.922 

FD( 12.4O.SQ = 44.776 

F~(7.9.0.59 = 40.922 

F~(4.5,O.w = 35.342 

F ~ ( 4 . 4 0 . 0 9  = 34.676 

F~(8.0,o.Og = 20.436 

F~(8.4,O.w = 19.501 

F~(4.5,0.63 = 49.272 

F ~ ( 4 . 4 0 . 6 3  = 48.718 

F ~ ( 8 . 0 ~ 0 . 6 3  = 40.959 

F~(8.4,0.65) = 40.797 

F~(7.9,l.O@ = 47.924 

F~(12.41.08) =41.327 

Rker 6A New Transfer Pump 32’ Mier #1 8 #3 

Riser 6A New Transfer Pump 11 ” Mber # I  8 #3 

Riser 11A Leak Detection PI Drain Mier #1 

Rser 1 I A  Leak Detection PI Drain Mber #3 

Rker 13A Profile Thermocouple Probe Mixer #I 

Riser 13A Profile Thermocouple Probe Mber #3 

Rser 138 Profile Thermocouple Probe Mber #1 

Riser 138 Profile Thermocouple Probe Mixer #3 

Rker 13C Profile Thermocouple Probe Mber #l 

Riser 13C Profile Thermocouple Probe Mber #3 

Rser 13D Profile Thermocouple Probe Mier  #1 

Rser 13D Profile Thermocouple Probe Mber #3 

~. 

F~(22.3.3.23 = 49.502 

F~(22.3.1.5) = 40.755 

F~(48.9, .92) = 44.626 

F~(24.1,.92) = 45.398 

F~(21.4.92) =44.154 

F~(53.3,.92) = 42.675 

F~(50.8,.92) = 43.808 

F~(26.9. .92) = 46.574 

F~(53.3,.92) = 42.675 

F~(21.4.92) = 44.154 

F~(26.9,.92) = 46.574 

F~(50.8,.92) = 43.808 

B-69 
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Design Calculation Title: W-521 In Tank Component Impingement and Deflection Orig: R S p c n c e r m  Date: 4/L7/*e 
Analysis 
Pmject No. &Title: 4412446, W-521 Advanced Concegtual Waste Feed Checker: D.Clements Date: 9/26/1.) 
Delivery System & 

Rsar 16B Sludge Temperature Mixer #1 

Riser 16B Sludge Temperature Mixer #3 
~ ~ ( 1 3 . 5 . 9 3  = 40.733 

~ ~ ( 3 2 . 9 ,  . 9 3  = 47.968 

B-70 
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Design Calculation Title: W-521 In Tank Component lmpingement and Deflection 
Analysis 
Roj& No. & Title: 4412446, W-521 Advanced Concephtal Waste Feed 
Delivery System 

Orig: R. Spcncerm Date: p/!&.a 

Checker: D.Clcrne IS Date: qj&,b 
dC 

500 

F D(Z p ,  .65) 

F D(Z p .  .83) 

2 F D(Z p ,  .92) 
CI 

5 - .  
b 8 F ~ ( z ~ ~ 1 . 0 8 )  

.... 
F D(Z p ,  3.25) 

10 

Impinpnent Forces AY Tank Components 

400 

2 = P  
Component Distance, ft 

D e . 6 5  
DF.83 
DR.92 
DF1.08 
DP-1.5 
DF3.08 
DF3.25 

- 
- .  

- 
-. 

50 
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Design Calculation Title: W-521 In Tank Component Jmplngement and Defleclion 
Analysis 
Project No. & Title: 4412446, W-52 I Advanced Conceptual Waste Feed 

Orig: R Spencer& 

Checker: D.Clements Date: 4/28/63 
Delivery System m 

AW 101 Tank (Bounds all AW Tanks) 

New Temp tree riser 5 Mier #1 F~(22.5, I.O$ = 42.877 

New Temp tree riser 5 Mier #2 FD( 16.5, LO$ = 40.817 

New Transfer Pump Mier 11' Mier # I  

New Transfer Pump Mixer 11' Mier #3 

F~(16.5.1.5) =41.636 

F~(22.5,1.5) = 40.773 

FD( 16.5,3.25) = 59.429 

F~(22.5.3.23 = 49.272 

New Transfer Pump Mier 32" Mier #1 

New Transfer Pump Mixer 32' Mier #3 

Impingement Forces AW Tank Components 

c 3 FdzP.1.08) 

10 

30 2 Z P  
I I 
Disirmce kim Pump, A 

DP=l.O8 
DF1.5 
DP=3.25 

- 
- 

€3-12 
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Design Calculation Title: W-521 In Tank Component Impingement and Deflection 
Analysis 
Project No. &Title: 4412-046, W-521 Advanced Conceptual Wasle Feed 

Orig: R Spencer 

Checker: D.Clemenu Date: q/Z%/m 
Date: 9 ~ 7 / 0 c  

Delivery System d a k  

1 HNDTEAM DESIGN CALCULATION SHEET calc. #:ME47 
Form EP-3.3-2F Rev: C I 

Vel Den Temp Tree Mier # I  

Vel Den Temp Tree Mier #2 

~ ~ ( 3 8 . 1 , 0 . 9 q  = 47,845 

FD(9.9,0.9p = 41.819 

New Temp Tree Mixer # I  

New Temp Tree Mixer #2 

F~(16.5,1.0@ =40.817 

F ~ ( 2 2 . 5  1.08 = 42.817 

Transfer Pump 32" Mier #1 

Transfer Pump 32" Mier#2 F~(15.7.3.25) =61.504 

FD(22.5 3.25) = 49.272 

-_ 
Vel Den Temp Tree Riser 15 Mier #I 

Vel Den Temp Tree Riser 15 Mixer #2 

F~(45.9,.92) = 45.806 

F~(I4.1,.92) = 40.825 

MIT Riser # I  8 Mier # I  8 #2 F~(33.9,  ,921 = 48.037 

MIT Rker #19 Mier # I  

MIT Riser # I9 Mier #2 
F~(14.L.92) ~ 4 0 . 8 2 5  

F~(45.9,  .92) = 45.806 
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400 - - 
F dz p. .92) 

2 F D(Z p, ,875) 
c- 

300 -. - 
tl. 

g ( z  p, 1.5) 

Z F o(z ,,3.25) 

- 
- 

- 

IO 
- 
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Design Calculation Title: W-521 In Tank Component Impingement and Deflection 
Analvsis 

Orig: R. Spencer& Date: 9/2/. - 
Date: fIUiJ6D Roj& No. &Title: 4412-046, W-521 Advanced Conceptual Waste Feed 

Delivery System 

SY 102 TANK 

New Temp Tree Mixer #1 

New Temp Tree Mixer #2 

F~(16.5,1.0$ ~ 4 0 . 8 1 7  

F~(22.5, I.O$ = 42.877 

Transfer Pump 32" Mixer #1 

Transfer Pump 3 2  Mixer #2 F~(15.7,3.2q = 61.504 

Transfer Pump 11" Mixer#I F~(22.5,1.5) = 40.773 

Transfer Pump 11"MixerW F~(16.5.1.5) =41.636 

F~(22.5,3.29 = 49.272 

Supernate Dropleg Nozzle Mixer #1 

Supernate Dropleg Nozzle Mixer#3 

FD( 13.5, .879 = 40.844 

F~(25.5,.87$ = 46.541 

2 Z P  50 
Distrmce rim pump, tl 

- DF.92  
DF.875 
D F I  .OS 
DP1.5  

- DF3.25 

- 
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Project NO. &Title: 4412-046, W-521 Advanced Conceptual Waste Feed 
Delivery System 

Checker: D.Cleme& Date: fz+, 

WALL FORCE AS FUNCTION OF U,D, 

The equation for the force on the tank wall for a uniform (constant) velocity distribution is given 
by: 
FW=(d2g&@A, Ibf (14) 
For a non-uniform velocity Equation (14) becomes: 
F, = (&gJ U(rr)2 dA, Ibf (15) 

DO Defining 
used. 

as a function of z Equation (4) above is +-  
r d z )  := z / T  2 

% : = . I  assumption 

c- New Expression to get rmax = Function of U,D, 
r,,,dz) := 

X:=Uo.Do X:= 16-28 
- 2 . K ( 3  2 

rdr 
Substituting equation (2) for U(rz) 
equation (15) becomes: 

1 .lo3 

I 0 0  

WALL IMPACT FORCE (F,) AS FUNCTION OF U,D, (X) 

r 

/ 

17 18 19 20 21 22 13 24 25 26 27 20 
X 

UODO. sq-Als 
Fd15.5 15.288 = 246.861 
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SECTION 2: DEFLECTION ANALYSIS 
Define component properties 

Inner diameters of components: 

Inner diameter of ALC 

Inner diameter of temperature tree 

Inner diameter of sluice pit drain 

Inner diameter of thermowells 

Inner diameter of leak detection pit drain 4" sch 40 pipe 

Inner diameter of sludge temperature 

Assume 3 In' pipe (top half) to go with impingement force on 4" 
assumed 4" diameter pipe. 

VenDenTemp Tree 3" sch 80 

New Temp. Tree 6" 

New Transfer Pump 1 0  sch. 80 pipe 

New Transfer Pump 32" 

ID of Radiation Dry Wells 

lDof MlT's 

ID of SY 102 Riser 23 Transfer Pump 

Wall thickness of components: 

I-* := .375in 

twthm :=0.113in 

I,* := .216in 

I,& := ,312.b 

I m p ~  := 237.h 

1dudge := .I I3 in 

l p r o ~ c  := .216in 

~WDT := .3.in 

Wall thickness of temperature tree 

Wall thickness of thermowell 

Wall thickness of sluice pit drain 

Wall thickness of ALC 

Wall thickness leak detection pd drain 

Wall thickness Sludge Temperature 

Wall thickness Profile Temperature 

VD Temp Tree Sch 80 wall thickness 

I 
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HNDTEAM 

I .  
8 

t.5tmp :=--'Ill New 6" temp tree wall thickness 

trnSfer1, := S.in 

t-f-32 :=.&Sin 

t&,, := .258in 

tmit := .188in 

tmsfm4 := .237in 

Outer diameters of components: 

Dotcmp : = b m p  + 2.twtcmp 

D m  := 3.5in 

D o h  := QfimOwe~ + 2.1- 
Doalc:=ho + 2.twde 

D o m p ~  := ~ L D ~ D  + 2.tLDpD 

New Transfer Pump lo" sch. 80 pipe for 11" pump 

New Transfer Pump 32" 

Wall thickness of RDW 

Wall thickness of MIT 

Wall thickness of SY 102 Riser 23 transfer pump 

Outer diameter of temperature tree 

Outer diameter of sluice pit drain 

Outer diameter of thermowells 

Outer diameter of ALC 

Outer diameter of leak detection pit drain 

Outer diameter of sludge temperature tree 

Outer diameter of profile temperature tree 

Outer diamter of Vel Den Temp. Tree 

Outer diameter of New 6" Temp. Tree 

B-77 
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Moment of Inertia for components: 

Moment of inertia of temperature tree 

Moment of inertia for sluice pit drain 

~ p ~ p e  := z ( ~ ~ ~ ~ ~  4 - 

b. . - - . ( D h  x 4 -Qw4) 
64 

mu .- 

berm := M.(Dohmn x 4 - Q ~ m 0 w e ~ 4 )  Moment of inertia for thermowells 

Moment of inertia for ALC 

Moment of inertia for Leak Detection Pit Drain 

Moment of inertia for Profile Thermocouple 

Moment of inertia for Sludge Thermocouple 

Moment of inertia for Vel Den Temp Tree 
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.- - . ( D ~ , ~ ~  n 4 - D , ~ ~ ~ ~ ~ )  Moment of inertia for New 6" Temp Tree ktemp .- 64 

4 
L f e r l  1 := 64' " (  Domsfer11 - I)itraUsferll '1 
bmfer32 := i.(D01Jansfer32 - l%traUsfer32 '1 

Moment of inertia for New 11 " transfer pump 

4 
Moment of inertia for New 32" transfer pump 

n 4 
Irdw := -. 64 (Dordw - Dud$) Moment of inertia for RDW 

I . D m1.- 64 ( omi: - D m 4 )  

'transfer4 := -'(DO-fa4 64 - Q-sfm:) 

Moment of inertia for MIT 

x 4 
Moment of inertia for SY 102 Riser 23 Transfer Pumi 

Section modulus for components: 

c := -.D&temp 1 

2 
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Design Calculation Title: W-523 In Tank Component Impingement and Ikflectlon 

Project No. & Title: 4412-046, W-523 Advanced Conceptual Waste Feed 

Orig: D. Clements Date: q,/27/bL) 

Checker: M. Date: 
Analysis Q .c 
Delivery System Vandenanden Sh7/&>. 

ktcmp 
sstemp := - Section modulus of temperature tree 

Section modulus of sluice pit drain 

C 

L l n  

C& 

s,, := - 

Section modulus of ALC lalc s,, := - 
CalC 

%-:=- b n l  
c t h w  

Section modulus of thermowell 

SW*T := - lVDTT Section modulus of Vel Den Temp Tree 
CVmt 

bansfall 

Ctransferl 1 
Section moduls of 11" New transfer Pump Shrdsfcrll := 

Itransfa32 

cbaosfcr32 
Section moduls of 32" New transfer Pump &sfa32 := 

Section moduls of 4" Transfer Pump Itraosfc4 
%aasfa4 := 

ceaosfa4 

r p w e  

*we 

Section modulus of Profile Probe 
$ X d e  := - 

%dw 
Section modulus of RDW 

Section moduls of MIT 

Section modulus of Leak Detection Pn Drain 

B-80 
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Cross sectional area of components: 

Cross-sectional area of temperature tree x 2 
A6tcmp := -.( 4 DOStcmp - kem;) 

Crosssectional area of sluice pit drain A& := E.(.* 2 - Qh2) 

A ~ ~ : = - . ( D ~ ~  n 2 -h:) 

4 

2) Cross-sectional area ofthermowell Athnm := -' " (  Dothm - Qtbcrmowe~ 
2 

4 

Cross-sectional area of ALC 
4 

Cross sectional area of VDlT x 
:= - . ( D ~ ~ D T ~  4 - &mTT2) 

A~~~~~ : = - - . ( D ~ ~ ~ ~ ~ ~  n 2 - Q ~ ~ ~ ~ ~ ~ ~ )  Crosssectionalarea of 11"Transfer Pump 
4 

x 2 

4 
Atransfn32 := -.(Do,,-fer32 - Qtransfer-,22) 

Atransfer4 := E.(D~tran~ra4 4 - Qtnmsw2) 

Cross sectional area Of 32" Transfer Pump 

Cross sectional area of 4" Transfer Pump 2 

Cross sectional area of Profile Probe Apoac := -.(DO~OGIC x 2 - 4 p m f i c 2 )  

Ardw :=-.(Dordw n 2 - k i w 2 )  

4 

Cross sectional area of RDW 
4 

Cross sectional area of MIJ Amit:=--.(D-: n -&2) 

4 

:= ~ . ( D ~ L D ~ D  2 - kDpD2) Cross sectional area of Leak Detection Pa Drain 
4 

B-81 

-- - 



RPP-7069. Rev. 0 

-. 

I 

HNDTEAM 
DESIGN CALCULATION SHEET I &I,.. #:-, 1 
Form EP-3.3-2F Rev: C I Page: 33 of 69 + I I Attachment 1 

Orig: D. Clernents Date:17/t7@ 

Checker: M. 

Design Calculation Title: W-523 In Tank Component hpmgment and D e n d m  

Project No. &Title: 4412446, W-523 Advanced Conceptual Waste Feed 
Analysis dx. 

Date: 
Delivery System Vanderzanden’&d) 9 /27/00 
Limit load shape factor (Julyk 1997) for components: 

Limit load shape factor for sluice pit drain 

Limit load shape factor for thermowells 

Limit load shape factor for temperature tree 

Lima load shape factor for ALC 

- sLDpD3) Limit load shape factor for Leak Detection P t  Drain 16 
Kudpd := -.DOLDPD. 

3.n 4 4 
DOLDPD - ~ P D  

3 

4 4 
- 4p0mc3) Limit load shape factor for Profile Thermocouple 16 

Klprofic := -.Doprofile. 
3.n 

Dopro~i~c -Qpofic 

3 

4 4 

16 

3.n 
(Doslu*e -I)isludgs3) Limit load shape factor for Sludge Thermocouple Klsludgc := -.Dosludge. 

Dos~u*e - h s l ~ d g c  

- QvDTT3) Limit load shape factor for Vel Den Temp Tree 16 
K~VDTT := -.DOVDDT. 

3.n 4 4 
DOVDDT -QMTT 
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3 
(D6temp -Q6tem:) Lima load shape factor for New 6" Temp Tree 16 

3. n 4 4 
K16temp :=-'DoStemp- 

D6temp - 461emp 

&Ic. 
Rev: C 
Page: 34 of 69 + 
Attachment 1 

Limit load shape factor for New 11" Transfer pump 

Lima load shape factor for New 32" Transfer pump 

Limit load shape factor for RDW 16 (D0rdw3 - Dirdd) 
3. x 4 4 

Kkdw := --.Dopjw 
Dordw - Dirdw 

Limit load shape factor for MIT Kfit:= --.D-r 16 (Domi?-%t l~~)  
3.n D&t 4 -4MIT4 

Maximum forces for components from Section 1 at 70% Speed: 

Palc:= 1701bf P ~ C J  := IOl.lbf P b  := 8LIbf 

Ptmp := 451bf P~,.J := 97.lbf Pdcz := 167,Ibf 

B-83 
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Date: I 

Design Calculation Title: W-523 In Tank Component Impingement and Deflection 
AnalYSiS 
Project No. & Title: 4412-046, W-523 Advanced Conceptual Wane Feed 
Delively System Vanciemndena+J q[z7/oo 

Checker: M. 

A&chmenl 1 
nents Date: 9/~7/00 

Lengths of moment arms for components: 

L&- := 21.h 

r, := 52.h  + 167.h 

Moment arm of thermowell assumed at end of ALC where supported. 

Length of riser for leak detection pit drain pipe. 

L&& := 39A Length of sluice pit drain pipe. 

&:=& Moment arm of sluice pit drain 

bmp := 56.8A 

Limp := bmp 

bc := 52.A 

Assume momemt arm of temperature tree is length of tree 

Consewative longest length ALC 

Length of leak detection pit drain 

Length of moment arm for leak detection pit drain 

Length of 1 of the 3/4" profile legs 

Length of sludge leg without dffener 

Length of Vel Den Temp. Tree 

Total Length of MIT 

Moment arm of SY 10iRiser 23 Transfer Pump 
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Design Calculation Title: W-523 In Tank Component Impinpinganent and Deflection 
Analysis 
PrujecI No. &Title: 4412446, W-523 Advanced Conceptual Waste Feed 
Delivery System Vandenanden 

Clements Date:q&@ 

Checker: M. 

Locations of deflection evaluation from end of component: 

Determine deflection of components from maximum forces at 70 X speed. 

Deflection formula from Roarke 1965 assuming constant structural cross-sectional properties foi 
cantilever beam with lateral end load. 

AY TANK THERMOWELLS 

B-85 
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Design Calculation Title: W-523 In Tank Component Impingement and Deflation 
Analysis QG 
Project No. &Title: 4412-046, W-523 Advanced Conceptual Waste Feed 
Delivelv Svstem Vandenanden /5/ 9 h~ A, 

Orig: D. CI 

Checker: M. Date: 

Anachment I 
nents Date: q / , t ~  

udC = 0.508in 

udC2 = 0.49% 

udC3 = 0.30% 



WP-7069, Rev. 0 

DESIGN CALCULATION SHEET &Ic. kMM7 
Form EP-3.3-2F Rev: c HNDTEAM 

Design Calculation Title: W-523 In Tank Component Impingement and Defledion 

Project No. &Title: 4412446, W-523 Advanced Conceptual Waste Feed 

F'age: 38 of 69 i 
~ Anachment 1 

Orig: D Clemenls Date:q/z7/ao 

Checker: M 
M W i S  &.e 

- Delivery System Vankmncien &oJ 9/27 fa 
Date. 

SY TANKS VEL DEN TEMP TREES 

P 2 3 m n  :=41.81bf 

P 2 1 5 m n  := 40.8 Ibf 
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u2a~1emp = 3.33% 1 PZadtemP 2 

6 Ebtemp 
u2adtemp := -. .( %tanp3 - 3.ktemp %temp + 2.klemP 

SY TANKS 

P1systemp := 40.81bf k temp  := 52.A 

:=@in Location of Analysis 
PMtemp := 42.91bf 

Design Calculation TiUe: W-523 In Tank Component Impingement and Deflection 

Project No. & Title: 4412-046, W-523 Advanced Conceptual Waste Feed 

Orig: D. Clements 

Checker: M. 

Date: 9,5+ o 

Dale: 
Analysis Q.& 
Delively System Vanctemn&n@ 9 9 1 UlW 
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I Attachment 1 
Orig: D. Clemenu Date: 9/2+ 

Checker: M. 

Design Calculation Title: W-523 In Tank Component Impingement and Deflection 

Project No. &Title: 4412-046, W-523 Advanced Conceptual Waste Feed 
Delivery System Vandenanden %d 4 /27/uo 
Analysis l9.L 

Date: 

AY TANKS 

P115&$temp := 451bf PZI 5&y6twp := 4 1.3 Ibf lglwp := 5 2 . ~  Moment Arm 

P1ls~$temp := 481bf P2l5l,+jtanp := 481bf := 0.h Location of Analpis 

P l 1 5 h $ w  :=41.41bf pZ15h$mp :=45lbf 

Pl15p$temp := 481bf PZ15p$mp := 481bf 

P1lsaa@twp := 41.lbf P215aa$temp := 47.Ibf 

-. 



DESIGN CALCULATION SHEET 

1 HNDTEAM 
Calc. #:MM7 

Form EP-3.3-2F 

I A&hment 1 
Orig: D. Clements Date: q/z& 

Checker: M. 
V a n ~ m n ~ n  a 4 Da$/z7/o 0 . 

Design Calculation Title: W-523 Ln Tank Component Impingement and Deflection 

hoject No. &Title: 4412446, W-523 Advanced Concephml Waste Feed 
Delivery System 

Analysis 9.c 

I :?e: $1 of 69 + I 

NEW 11" TRANSFER PUMPS 

L,-sfal := 46fi Moment Arm AW TANKS 

P l a m s f m l  1 := 41.6 Ibf ztransfcr :=@in Location of Analysis 

B-90 
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Rev: c 
Page: 42 of 69 + 
Attachment 1 
nene Date: qh702 

Dill€? 
Delivery System Vandenanden .zu\ 2/ 9 l ~ 7  [ob 
Analysis &.( 
ProjecI No. &Title: 4412-046, W-523 Advanced Conceptual Waste Feed Checker: M. 

h i p  Calculation Title: W-523 In Tank C m p e n t  Impingement and Deflection Orig: D,C 

SY TANKS 

P l w f c r i l  := 49.31bf 

&fdyl := 47.ft Moment Arm 

-fa := 0.in Location of Analysis 

AY TANKS 

P l a m f e r l l  := 40.81bf 
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Rev: C 
Page: 43 of 69 + 

I Attachment 1 
Design Calculation Title: W-523 In Tank Component Impingemen1 and Deflection Orig: Date: 7/27/- 
AnalySiS 
Project No. & Title: 4412446, W-523 Advanced Conceptual Waste Feed 
Delivery System 

NEW 32" TRANSFER PUMP 

AW TANKS 

Plamfer32 := 59.41bf 

&sfa32 := 46ft Moment Arm 

hsfcr := 0.h Location of Analysis 

P&-fcr32 := 49.3 lbf 

SY TANKS 

Plmfm3z := 40.81bf 

P h f e r 3 2  := 41.61bf 

L,-sfasyl := 4 7 . ~  Moment Arm 

zh.ansfer := 0.k Location of Analysis 

B-92 
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Page: 44 of 69 + 

I Attachment 1 
Orig: D. Clernenls Date: 9/.-9.. Design Calculation Title: W-523 In Tank Component impingement and Defle&m 

Analvsis O.& 
Project No. &Title: 4412-046, W-523 Advanced Conceptual Waste Feed 
Delivery System 

Checker: M. Date: 

AY TANKS 
hrml := 46fi + 1.h Moment Arm 

Location of Analysis Plamsfcr32 := 49.51bf hsfm := 0.h 

AY TANKS RADIATION DRY WELLS 

bdw := 45.7 .~  Moment Arm 
Pl14ardw:= 47.lbf P214dw:= 41.41bf 

4dw :=@in Location of Analysis 
P114brdw := 41.41bf P21.$bdw := 47.lbf 
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a :=@in 
Riser 18 SY-101 PI1 8mit := 481bf Riser 18 Mixer- SY-101 ~z~~~~ :=48ibf 

Riser 19 SY -101 P11~t :=41.1bf  Riser 19Mxer#2SY-101 ~ 2 ~ ~ ~ : = 4 4 . 9 1 b f  

Determine deflection at end of riser 
z,,,jt := 465.5in + 29in 

u119mit =4.216m 1 ~ ~ 1 9 m i t  

6 E L t  
u119mit := 

Determine deflection assuming moment arm is at bottom of riser 
:=465.5in + 29in 

( W I T  - 3 . h T  * W I T  + 2 ' h T  ') uZ19mit :=-.-. u219,,,jl = 23.192iu 
1 p219mit 
6 E.Imit 

-. 
Determine ddlection of componenta from maximum forces at 100% speed. 

B-94 
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Page: 47 of 69 + 

I AGchment I 
Design Calculation Title: W-523 In Tank Canpent  Impingement and Deflection Orig: D. lements Date:q/27/to 

Projecl No. &Title: 4412046, W-523 Advanced Conceptual Waste Feed 
Delivery System Vanderzanden 

Analysis 8.c 
Checker M. 

AY TANKS ALCs 

SLUICE PIT DRAIN 

NEW 6" TEMP. TREES 

AW Tanks 

P l a d t a p l  00 := 80.3 t lbf ktemp := 52.e Moment Arm 

zstanp := 0.h Location of Analysis 
P & d t a p l m  := 88.7.1bf 

B-96 

-- .. 



RPP-7069, Rev. 0 

HNDTEAM 
DESIGN CALCULATION SHEET 
Form EP-3.3-2F 

Design Calculation Title: W-523 In Tank Componenl Imtinzanent and Deflection Orie: D. CI 
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Page: 48 of 69 + 
Attachment I 

. _  

Date: 
Analysis - gc. 
ProjecI No. & Title: 4412-046, W-523 Advanced Conoeptual Waste Feed 
Delivery System 

Checker: M. 

SY Tanks 

Plsy6twP]oo := 88.7.lbf ktmP := 52.e Moment Arm 

:= 0.h Location of Analp's P&,+J~~IOO := 80.31bf 



- 

AY Tanks 

Pl15&~tcmplm := 881bf P 2 1 5 ~ ~ ~ ~ 1 ,  := 102.91bf Lay,jtcmp := 52.tl Moment Arm 

DESIGN CALCULATION SHEET aic. #:ME-o7 

Form EP-3.3-2F Rev: C HNDTEAM 
Design Calculation Title: W-523 In Tank Component Impingement and Deflection 

h j e a  No. &Title: 4412446, W-523 Advanced Conceptual Waste Feed 

Page: 49 of 69 + 
Attachment 1 

Orig: D. Clements Date: q/*,P 

Checker: M. 
Analysis 4I.C 

Date: 

B-98 
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DESIGN CALCULATION SHEET 
Form EP-3.3-2F HNDTEAM 

RPP-7069, Rev. O 
I I 

&Ic, 
Rev: C 
P a x  5 I of 69 + 

I A&chment 1 
Design Calculation Title: W-523 In Tank Component Impingement and Defledion 

Projecl No. & Title: 4412-046, W-523 Advanced Conceptual Waste Feed 
Delivery System Vanderzanden 

Orig: D. Clements 

Checker: M. 
Analysis oc 

SY 102 RISER 23 TRANSFER PUMP 
4ransCer4 := 0.h 

Pl-fer400 := 87.61bf P&sf.400 := 102.5lbf 

NEW 11" TRANSFER PUMPS 

AW Tanks &ferl := 46ft Moment Arm 

P l a m f e r l  loo:= 105.71bf 
hsfer:= 0.h Location of Analysis 

P & m e r l  100 := 89.41bf 

B-100 
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AY rmus 

Design Calculation Title: W-523 In Tank Component Jmpingement and Deflection 
Analysis 
Project No. &Title: 4412446, W-523 Advanced Conceptual Wane Feed 

0rigi;Clement.s Date:7/z&, 

Checker: M. Date: 
Delivery System Vandenanden f,) rlz7by 

Location of Analysis Playuansfal 100 := 89.81bf *$fa:= 0.h 

B-101 
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Calc. #:h507 
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Page: 53 of 69 + 

I Attachment I 
Design Calculation Title: W-523 In Tank Component Impingemen1 and Deflection Clements Date: ?/&+ 
Analvsis 
%j& No. & Title: 4412-046, W-523 Advanced Conceptual Waste Feed 
Delivery System 

Checker: M. Date: 

h S f c r 4  :=#in 
SY 102 RISER 23 TRANSFER PUMP 

Pllnmsfcr400 := 87.61bf P&fcr4W := 102.51bf 

NEW 32" TRANSFER PUMP 

AW Tanks 

Plawsfcr3200 := 191.51bf 

&sf,32 := 46fi Moment Arm 

:= o.in Location of Analysis 
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SY TANKS 

P l m s f c r 3 2 ~  := 89.41bf 

bsfcrsyl := 4 7 . ~  Moment Arm 

hsfm := 0.h Location of Analysis 

P&fcr3200 := 105.71bf 

AY TANKS 

Location of Analysis P I a ~ f a 3 2 0 o  := 148.71bf 
*msfa := @in 

AY TANKS LEAK DETECTION PIT DRAIN P~LDPD := 88.61bf 

P b p ~  := 78.31bf 
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calc. #:MEA7 
Rev: C 
Page: 55 of 69 + 

Date: 

Design Calculation Title: W-523 In Tank Component Impingemenc and Deflection 
Analysis 
Project No. &Title: 4412446, W-523 Advanced Conceptual Waste Feed Checker: M. 
Delivery System V m k m n c i e n a 4  4/t7Lo 

AY TANKS RADIATION DRY WELLS 

L~ := 45.7.~ Moment Arm 
P11400ar& := 78.Zlbf := 103.51bf 

4dw := @j,, Location ofhalysis 
P11400brdw := 103.51bf P21400ww := 78.7.1bf 

Determine deflection 30 R from bottom of RDW 

Attachment 1 -1 
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SY TANKS MULTI-FUNCTION INSTRUMENT TREE 

Riser 18 SY-101 piISmt:=8i. ibf Riser 18 Mbter#Z SY-101 ~ ~ ~ ~ ~ , : = 8 1 . 1 b f  

Riser 19SY-101 ~ 1 ~ ~ ~ : = 8 8 . 6 1 b f  Riser lSMixer#ZSY-IOl ~ 2 1 m ~ : = 8 7 . 1 . l b f  

:= 465.5in + 29h Determine deflection assuming moment arm is at bottom of riser 
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calc. #:ME47 
Rev: C 
Page: 57 of 69 + 
Attachment 1 

SY TANKS VEL DEN TEMP TREES 

Clements Dale: 9/.7/00 

Date: 
%g:8G Design Calculation Title: W-523 In Tank Componenl Impingement and Deflection 

Analysis 
Project No. & Title: 4412446, W-523 Advanced Conceptual Waste Feed Checker: M. 
Delivery System Vanderzanden ?(27/00, 

Determine deflection 40 R from bottom of VDTT 
&& := 40A 

B-106 
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A 

Overall weight of MIT Ibf 
A 

Ibf 
A 

W& := 12.- . (kt)  

WIdpd := II.-.(LLDpD) Overall weight of LDPD 

Allowable for temperature tree taken as AlSC allowable stress 

Allowable force temperature tree. 

Assume dynamic load factor of 1.1 366.043bf pallow -= 
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I 
1 HNDTEAM 

DESIGN CALCULATION SHEET 1 &lC. 
~ 

I 
Form EP-3.3-2F 

I AGchment 1 
&g: D. Clements Date: 9b7b0 

Checker: M. 

Design Calculation Title: W-523 In Tank Component Impingement and Deflection 
Analysis Q.C 
Project No. &Title: 4412-046, W-523 Advanced Conceptual Waste Feed 
Delivery System Vandenanden a 4 

Allowable for thermowell taken as yield. 

~ l h m  -- pthm := sy - - .- Allowable force sluice pit drain 
- 70.82bf "') '' Assume dynamic load factor of 1 .l 

Allowable for sluice pit drain taken as yield stress. 

-- - 100.02dbf P h  

1.1 
Allowable force sluice prl drain 

Assume dynamic load factor of 1.1 

P&&psi = 44.88$si PdT8iU Phpsi := 
1.1.A&& 

Allowable for VDDT taken as NSC. 

mrr - = 6 1.70Zbf 
wmrr S m r r  Allowable force VDTT 

Pmn := sais- ( Avdtt ).- 1.1 LmTT Assume dynamic load factor of t .1 

Allowable for 32" Transfer Pump taken as AlSC 

Allowable force 32" transfer pump 

ptransfa32 4 
= 1 . 6 2 7 ~  IO Ibf 

1.1 

1.1 
Assume dynamic load factor of 1 .I 
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calc. #:ME07 
RA?C 
Page: 60 of 69 + .- I Attachment I 

Orig: D. Clements Date: y/z7/oo 

Checker: M. 

Design Calculation Title: W-SZ3 In Tank Component Impingement and Defledion 

Project No. & Title: 4412-046, W-523 Advanced Conceptual Waste Feed 
Analysis Q.L 

Date: 
Delivery System Vandemanden +Q d Z 7 b  

Allowable for 11" Transfer Pump taken as AlSC 

Allowable force 11 " transfer pump 

~transferl 1 3 
= 1 . 2 7 3 ~  IO Ibf 

1.1 

Ptransferl I := Saix - 

~transferll 

[ 
PauowtranSfal1:= 1.1 

Assume dynamic load factor of 1.1 

.I 

Allowable for 4" Transfer Pump in SY 102 Riser 23 taken as AlSC 

Allowable force 4" transfer pump 

~transfer4 
= 106.308bf 

1.1 

1.1 
Assume dynamic load factor of 1.1 

B-109 
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[ Attachment 1 

Design Calculation Title: W-523 In Tank Component Impingement and Deflection Orig: D Clernents Date: 
Analvsis 8 .c 
hj& No. & Title: 4412446, W-523 Advanced COnQptual Waste Feed 
Delivery System 

Allowable for RDW taken as yield 

Prdw:= sy-- .- [ Ardw) b d w  

Checker: M. 

wrdw %dw Allowable force RDW 

Allowable for MIT taken as AlSC 

Pmit := ( sai, - -).- wmit &t 

Amit L i t  

Pallounlit 

Amit 
Pmirpsi := 

Allowable for LDPD taken as yield 

Pallowldpd 

Aldpd 
Pldpdpsi := 

prdw 
1.1 

-- - 269.554bf 

Assume dynamic load factor of 1.1 

Allowable force MIT 

Pmit - =41.3731bf 
1.1 

Assume dynamic load factor of 1 .I 

Pmitpsi = 2I.ISlpsi 

Allowable force LDPD 

- =210.914bf 
1.1 

Assume dynamic load factor of 1.1 

Pldpdpsi = 66.45psi 

B-110 
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Page: 62 of 69 + I 
Design Calculation Title: W-523 In Tank Component Impingement and Defleaim 

Project No. & Title: 4412446, W-523 Advanced Conceptual Waste Feed 
Delivery System Vandemnden 

Orig: D. Clemenls Dale: 9/27/,,0 

Checker: M. 
Analysis 8C 

Date: 

Determine the Limit Load (Allowable Deflection) for each component: 

Limit load for sluice pit drain 

Klbj,,= 1.353 

Limit load allowable for New 6" temperature tree 

L Kl6tmp = 1.479 

blowtemp := ptempallowKl6temp 

~ l o ~ ~ p  = 54 I ,462bf 

Limit load for themowells 

Kitham= 1.413 Pallo&-:= 1541bf 

B-111 
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Limit load Allowable for ALCs 
Pallow,q.c := 6031bf 

Limit load Allowable for Vel Den Temp Tree 

Limit load allowable for New 11" Transfer Pump 
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Date: 

I DESIGN CALCULATION SHEET I HNDTEAM Form EP-3.3-2F 
calc. # : m 7  
Rev: C 
Page: 64 of 69 + 
Attachment 1 
Dents ---- Dale: q/z,/m Design Calculation Title: W-523 In Tank Component Impingement and Deflection 

Project No. & Title: 4412446, W-523 Advanced Concern1  Waste Feed 

Orig: D. C 

Checker: h 
Analysis Q.1 

Limit load allowable for 4" SY 101 Riser 23 Transfer Pump 

Limit load allowable for Radiation Dry Well 

&, = 44.92% 

B-113 
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DESIGN CALCULATION SHEET 
Form EP-3.3-ZF 

Design Calculation Title: W-523 In Tank Componenl Impingement and kflection 
Analvsis 

Calc. #:ME47 
R W C  
Page: 66 of 69 i 
Attachment 1 
Dents Dale: q/+ 

Proj& No. &Title: 4412-046, W-523 Advanced Conceptual Waste Feed 
Delively System Vanctemncien %d 9 /L1/60 J Checker: M. Date: 

Determine the force allowable for the tank wall. 

For conservatism in determining the allowable for the tank wall, assume no backing by concrete bu 
just a 1/4”thick, 75 foot diameter pipe. 

Dowall :=15A + 2,.25in 

D,,a := 1SA 

I w d  := .25in 

AWd := ?.(Dowall 2 - qwd2) 
4 

x 
~d := - ( ~ ~ ~ d ~  64 - swd4) 

:= 50ft 

Tank wall Properties 

Allowable force tank wall 

Assume dynamic load factor of 1 .I 

-- ’wall - 4 . 7 3 2 ~  1061bf 
1.1 

B-115 
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p . .- mt _- 88.Zlbf 
Pdw:= 103.51bf Pv& := 1041bf 

PMC := 6091bf 

PI 1 := 89.81bf 

Psl,,jce:= 2761bf 

P32 := 148.71bf 

P m p  := 103.5lbf 

P4 := 102.51bf 

4 .  
&t = 3.772~ IO PSI 

Determine properb'es for 6" sch. 80 top poltion of ALC pipe for stress in that pipe from force. 

D,d,yj:= 5.761h t,Id := .43zin 

4d:= -.(Dcaid4 X - Djd4) 
64 

4 .  Sfic = 3.109~ 10 PSI 

B-116 
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I Attachment 1 
Design Calculation Title: W-523 In Tank Component Impingement and Deflection Orig: g. Clemenls Date: 9/z 7/& 
Analysis .w.c 
Project No. & Title: 4412446, W-523 Advanced Conceptual Waste Feed 
Delivery System 

Checker: M. 

Use 70% pump speed worst case impingement force for each component from Section 1 

Pdw70 := 47.Ibf 

P a c 7 0  := 167.lbf 

PI 170 := 40.81bf 

prdw70'Lrdw'crdw 
qdw70 := 

4dw 

Pva70 := 47.81bf P,,,jt70 := 481bf 

Pdujcc70 := 8Llbf PtemP7o := 48 Ibf 

P3270 := 49.51bf P470 := 45.41bf 
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S4,, =7.627x I d  psi P 4 7 0 ~ f C $ 4  'CtnmSfCr4 

L f C r 4  
S470 := 

B-118 
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Design Calculation Title: W-523 In Tank Component Impingement and Dellection 
Analvsis 

Orig: R SF 

Calc. # : m 7  I 

Checker: D.Cleme ts Date: q/@o & hj& No. & Title: 4412-046, W-523 Advanced Conceptual Waste Feed 
Delivery System 

Attachment 1 

Summary of Miwer Pump Jet Impingement Force and Fatigue Results 
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1.0 INTRODUCTION 

rhis task reviewed RPP-6333, Revision 0, Project W-521 Waste Feed Delivery System Conceptual 
3esign Report, (CHG, 2000c) as it pertains to the Aging Waste ventilation systems. Four discrete 
Lubtasks were performed. A description of each activity follows: 

During Conceptual Design activities, a regulatory interpretation recommended installing a fully 
redundant secondary train in the primary ventilation system as a means to reduce the risk of a 
system failure. This revision was captured in the Conceptual Design Report (CDR) (CHG 
2000~). This subtask assesses the reliability of the primary ventilation system relative to its 
ability to support waste transfer to the Waste Treatment Facility (WTF) and recommends the 
minimum upgrades to achieve the goal. This subtask includes performing a cost-to-benefit 
(CTB) analysis of incrementally reducing the number of redundant components recommended in 
the Conceptual Design. At the client's direction, the analysis only considered the probability of 
success associated with reducing the number of redundant components; the analysis did not 
consider the consequence of a system failure. 

The Conceptual Design includes a new catch tank and lift station that will transfer ventilation 
condensate to the 241-AY and 241-AZ tanks. This subtask considers options for reducing the 
cost of this design. 

Document " F - 5  196, Revision 0, Double-Shell Tank Ventilation Subsystem Specification, HNF- 
5196, Rev. 0 (CHG 2000a), has been issued since completion of the Conceptual Design and 
requires a minimum airflow of 850 cfm through the annulus air slots of the 241-AY and 241-AZ 
tanks. The existing 241-AY and 241-AZ annulus ventilation systems do not provide such 
airflow. This subtask considered several options to achieve the required flow rate. The subtask 
develops cost estimates for implementing the preferred option. 

This subtask reviews the CDR (CHG 2000c) and compares the design with the requirements of 
the newly released CHG (2000a). 

The following sections discuss each of these subtasks. Section 2.0 describes the options for improving 
he reliability of the 241-AZ-702 HEME and Condenser. Section 3.0 describes the options for 
ransferring condensate from the 241-AZ-702 building to the Aging Waste tanks. Section 4.0 discusses 
he design and cost estimate required to increase the airflow through the air slots under the 241-AY and 
l41-AZ tanks. Section 5.0 compares the Conceptual Design with the newly released CHG (2000a). 

1.0 SUBTASK 1: AGA FOR THE AY/AZ PRIMARY VENTILATION SYSTEM 702-AZ 

rhe Conceptual Design for Project W-521 includes modifications to the 241 -AZ-702 primary ventilation 
;ystem. These modifications will provide a fully redundant secondary train through the system. This 
;ubtask prepared an Alternative Generation Analysis (Appendix A) to reevaluate the necessity of a fully 
.edundant train. This analysis assessed the reliability of the primary ventilation system relative to its 
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ability to support waste transfer to the vitrification facility, and recommended the minimum upgrades to 
achieve this goal. The assessment included a CTB analysis for adding redundant components. The 
analysis concluded that the modifications contained in the CDR are not necessary. Rather, the potential 
3f system failure can be sufficiently mitigated through the practice of increased maintenance during 
double-shell tank (DST) pre-transfer operations. See Appendix A for a complete discussion of the 
analysis and its findings. 

3.0 SUBTASK 2: RETURNING CONDENSATE TO THE AGING WASTE TANKS 

3.1 Purpose 

Condensate from the 241-AZ-702 building currently drains to the 241-AZ-151 catch tank. The catch 
tank is non-compliant and will be initially decommissioned as a part of the execution of W-521, Waste 
Feed Delivery Project (WFD). As a consequence, the drain line from 241-AZ-702 building must be 
rerouted. 

As described in the CDR (CHG 2000c), the condensate from the 241-AZ-702 building will flow though 
a gravity drain to tank 241-AZ-102. Tank Farm Operations has requested that the redesigned 
condensate drain system allow routing to any ofthe 241-AY and 241-AZ tanks (not just tank 241-AZ- 
102). The grade differences within the 241-AY and 241-AZ tank farms will necessitate pumping the 
waste to all but the planned tank 241-AZ-102. 

Two options were developed for rerouting the 241-AZ-702 building drain. With one, a new compliant 
catch tank is installed that has pumping capabilities. In the other, the existing seal pot in the 241-AZ- 
702 building is modified to incorporate a pump and valving to move the waste to the 241-AY and 241- 
Ai! tanks. 

3.2 Scope 

The scope of this activity is limited to rerouting the 241-AZ-702 building drain line. Other drains that 
lead to the 241-AZ-151 catch tank are not part ofthis activity. 

3.3 Methodology 

For each option, sketches were developed. Cost estimates for each option then were prepared using the 
sketches. These estimates were prepared in accordance with the W-521 estimating standards including 
site adds, labor rates and burden. Based on the estimates and the merits of the options, a preferred 
option was selected, using engineering judgment and rough order of magnitude cost estimates. 

3.4 Discussion 

The condensate drain from 241-AZ-702 must be rerouted to another destination after the catch tank is 
removed from service. The problem definition is compounded by two operational requests/problems. 
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The first is the desire to route the 241-492-702 condensate to any of the four of the 241-AY and 
241-AZ tanks. Although the flow rate ofcondensate is very low (0.15 to 0.30 gpm), it is felt that 
over time a sufficient quantity of liquid could collect in a particular 241-AY or 241-AZ tank such 
that ongoing characterization of that tank may be effected. The obvious solution is to have the 
ability to direct flow to a 241-AY or 241-AZ tank whose characterization is not ongoing. This 
implies having the ability to direct flow to any of the four tanks. 

The current seal pot located within 241-AZ-702 has had problems with level control and loss of 
seal. The cause of the problem is not known. 

-wo options have been identified to address the condensate routing. However, only the second option 
ddresses both the condensate routing and the condensate seal pot issues. 

lption 1. With this option, a compliant Catch Tank and Lift Station is installed to allow collection of 
be 241-AZ-702 condensate with the capability to pump the condensate to any ofthe four tanks. This 
lption is shown in Sketches ES-LS-01 and ES-LS-02 (See Appendix B). The Lift Station will be level 
witch operated with manual remote-operated valves to direct flow from the pump discharge to any of 
he four tanks. There will be an overflow line that will provide a gravity drain directly to AZ-102. This 
ption addresses the ability to direct condensate into any of the four tanks, but does not address the seal 
ot operational problems. 

)ption 2. This option modifies the existing drain configuration within the 241-AZ-702 building. This 
ption is shown in Sketches ES-SP-01 and ES-SP-02 (See Appendix B). The design will replace the 
xisting seal pot with a larger vessel that will include a level actuated pump. The pump will discharge 
it0 a manual, remote-operated valve manifold that will direct flow to any of the four tanks. There will 
e a high level drain that will flow by gravity to 241-AZ-102. This option addresses both the seal pot 
perational problems and the discharge flow routing. 

.5 Conclusions and Recommendations 

'he recommended approach is Option 2. The rationale behind this recommendation is threefold. One, 
le cost of Option 2 is less than the cost of Option 1. Two, the modification to the existing system 
Aves both of the operational concerns. Three, the solution does not require the installation of another 
nderground storage tank, thus reducing the cost of maintaining and ultimately decommissioning the 
ystem. 

.O SUBTASK 3: INCREASING ANNULUS VENTILATION FLOW ' 

.1 Purpose 

hesign requirements for the DST Ventilation Systems are contained in CHG (2000a). This document, 
:leased after completion of the CDR, specifies that the annulus ventilation systems shall provide a 
iinimum airflow of 850 c h  through the air slots of the 241-AY and 241-AZ tanks. Currently, the 241- 
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AY and 241-AZ annulus ventilation systems do not provide this flow rate (Tank 241-AY-102 is an 
exception; Project W-320 modified that tank’s system to provide such a flow rate). 

This task considers two options to achieve the required flow rate through the 241-AY and 241-AZ tanks. 
In one, each system employs a single exhaust fan to draw air through the tank annulus. In the other, two 
fans, supply and exhaust, are used to move air through the annulus. 

4.2 Scope 

The scope of this activity includes modifications that will increase the airflow through the annulus air 
slots of the 241-AY and 241-AZ tanks. This activity does not consider modifications that would bring 
this existing system into full compliance with CHG (2000a). Rather, only those modifications required 
to achieve the higher flow rates will comply with the requirements of CHG (2000a). 

4.3 Methodology 

Two options were developed that would provide the required flow rate. The merits of each option were 
considered and a preferred option selected. Sketches of the preferred option were prepared showing the 
mechanical, electrical and control equipment necessary to implement the option. A cost estimate was 
then prepared based on the sketches. 

1.4 Discussion 

With the single-fan option, a single exhaust fan is located downstream of the tank and draws air through 
the annulus. This configuration is consistent with the design of the existing systems and requires only 
minor changes to implement as compared with the two-fan option. Project W-320 used this concept to 
achieve a similar flow rate through the air slots of the 241-AY-102 annulus. 

With the two-fan option, the two fans work together to move air through the annulus. One fan supplies 
air to the annulus while a second fan withdraws the air from the annulus. This option adds a new 
:omponent to the existing system, namely, the fan supplying air to the annulus. 

4.4.1 Single Fan Option 

The single fan option is the simpler and more cost effective approach of the two options. To implement 
his option, two changes are required. The existing fans are replaced with fans capable of generating a 
Feater static pressure. Also, the piping is modified so the entire air stream passes through the annulus 
dots (with the original design, only 20 percent of the air stream passed through the air slots; 80 percent 
If the air bypassed the slots and directly entered the annulus tank at the sidewall). 

a i l e  these modifications are simple to implement (as compared to the second option), this option 
uffers from a potential problem. Project W-320 successfully used a single fan to obtain 850-1000 cfm 
If airflow through the air slots oftank 241-AY-102. However, Project W-320 experienced annulus 
mssures in the range of -15 to -16-in. (w.g.) when operating in this configuration (Numatec, 1998). 
rhis range exceeds the requirements of CHG (2000a). While the requirements of this document do not 
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limit the annulus pressure directly, they do limit the difference between the primary and annulus 
pressures. As described in CHG (2000a), the difference in two pressures shall not exceed 6-in. (w.g.). 
At the time that W-320 collected its data, the pressure difference between the primary tank and annulus 
tank was 13 to 14-in. (w.g.). 

To limit the annulus pressure to a more suitable range, modifications are required to the piping of the 
annulus systems. To successfully plan these modifications, the pressure loss through the annulus 
ventilation system must be calculated. Unfortunately, the pressure change through the air slots is 
unknown. A calculation was prepared (shown as Appendix E) to determine the pressure drop through 
the air slots. The results of the calculation were then compared with operating data collected from tank 
241-AY-102 in January of 1998, (Numatec, 1998). The actual losses through the system greatly 
exceeded the calculated losses. At a flow rate of approximately 1000 cfm, the annulus pressure of tank 
241-AY-102 was observed operating at a pressure of approximately 15.5411. (w.g.). The pressure 
predicted by calculation was approximately half this value or 8.7-in. (w.g.). The most likely explanation 
for this disparity is a restriction of the flow path through the air slots. In the past, questions have been 
raised as to the integrity of the concrete under the tank. It has been hypothesized that the concrete has 
cracked, spalled or otherwise deteriorated to the point that the original air slots now contain debris. This 
would result an annulus pressure more negative than expected. 

The inability to predict the system’s pressure loss makes this option unattractive. The narrow range of 
allowable annulus pressures further complicates this problem. Due to the risk of this approach, the 
option of a single exhaust fan is not recommended for Project W-521. 

4.4.2 Two Fan Option 

The second method of achieving 850-1000 cfin employs two fans. This method achieves the required 
flow while allowing control of the annulus pressure. Furthermore, this method can be implemented so 
the system has a large amount of flexibility to overcome uncertainties in the flow path. 

With this option, supply fans are added to the existing systems. Furthermore, variable speed drives are 
connected to both the supply and exhaust fans. By adjusting the speeds of the fan, the parameters of 
flow rate and annulus pressure can be controlled independently. 

4.4.3 Implementation of the Preferred Option for 241-AY 

Two independent systems currently ventilate the 241-AY annulus tanks. One system ventilates the 241- 
AY-101 tank, while a second, separate system ventilates the 241-AY-102 tank. Conceptually, both 
systems are identical; both consist of an inlet filter plenum, an exhaust filter pl&m and a fan. 
Ancillary equipment includes leak detection Continuous Air Monitor (CAMS), a stack CAM and 
heaters. Implementing this option requires adding a supply fan between the inlet filter plenum and the 
piping that leads to the tank annulus. Variable frequency drives modulate the speed of the exhaust and 
supply fan. A control loop employing a Programmable Logic Controller (PLC) monitors the annulus 
pressure and the system flow rate. The control loop then adjusts each fan’s speed as necessary to 
maintain the system’s operation within its design requirements. 
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Sketches ES-AY-01 through ES-AY-04 (Appendix C) identify what modifications are necessary to 
implement this option for the 241-AY tanks. These modifications include replacing the existing exhaust 
fans with new models whose performance will be more consistent with the new supply fans. 

With this design, a wide range of annulus pressures is achievable [between 0 and -2041. (w.g.)]. 
However it is recommended that the annulus pressure be controlled between 4 and -8-in. (w.g.). This 
pressure is less than the least allowable pressure within the primary tank [reference “F-SD-WM-SAR- 
067, Rev. lF, Tank Waste Remediation System Final Safety Analysis Report (CHG 2000b)l and will 
allow the system to operate as originally designed (i.e., a greater pressure in the primary tank than in the 
annulus tank). 

4.4.4 Implementation of the Preferred Option for 241-AZ 

A single system ventilates the 241-AZ-101 and the 241-AZ-102 tanks. The system currently consists of 
a common inlet filter plenum, two exhaust filter plenums (one for each tank), and a common exhaust 
fan. Ancillary equipment includes balancing valves (that distribute air between the air slots and the 
annulus side walls), leak detection CAMs, a stack CAM and heaters. Implementing this option requires 
installing a fan between the common inlet filter plenum and the piping junction that leads to each of the 
tanks. Variable frequency drives modulate the speed of the supply and exhaust fans. A control loop 
employing a PLC monitors the annulus pressure of both tanks and the system flow rate. The control 
loop then adjusts each fan’s speed as necessary to maintain the system’s operation within its design 
requirements. Throttling valves are manually adjusted to achieve similar pressures in each tank annulus 
should one tank’s flow path prove to have a greater pressure loss than the other tank’s flow path. As 
with the 241-AY tanks, it is recommended that the control loop maintain the annulus pressure within the 
range of 4 - i n .  (w.g.) to -8-in. (w.g.). Doing so will restore the system to its original configuration (Le., 
a greater pressure in the primary tank than in the annulus tank). 

Sketches ES-AZ-01 through ES-AZ-04 (Appendix D) identify what modifications are necessary to 
implement this option for the 241-AZ tanks. These modifications include replacing the existing exhaust 
fans with new models whose performance will be more consistent with the new supply fans. These 
modifications also include refurbishing some portions of the existing system. The modifications will 
replace the inlet filter plenum with a new plenum. The existing inlet filter plenum is plugged to the 
point that it is unusable and the plenum’s older design does not allow replacement of the filter media 
alone. The modifications replace the tank balancing valves whose integrity is questionable. The 
modifications also replace the exhaust filter plenums with new plenums that allow testing against the 
requirements of ASME N510. Furthermore, the modifications upgrade the leak detection CAMs. 
Although this last modification is unnecessary to achieve the required flow rates, upgrading these CAMs 
will return these safety-class components to service. The modifications do not ’replace the underground 
piping leading to and from the tank. However, the integrity of this piping should be confirmed before 
proceeding with these modifications. It is recommended that a portion of the piping be visually 
examined both internally and externally. At the same time, ultrasonic testing should be performed to 
measure the remaining wall thickness of the pipe. 
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4.5 Conclusions and Recommendations 

The preferred option for obtaining 850-1000 cfm through the sir slots is the second option that combines 
a supply fan with the existing exhaust fan. This option will provide a robust design that can overcome 
uncertainties in the conditions of the air slots. Furthemore, the option allows the annulus pressure to be 
controlled to a wide range of pressures (the annulus pressure can be adjusted so it is greater or smaller 
than the primary tank pressure depending upon the desires of the operator). 

5.0 SUBTASK 4: COMPLIANCE WITH THE VENTILATION SPECIFICATION 

5.1 Purpose 

This activity reconciles the design requirements in the CHG (2000a) with the system modifications 
presented in the CDR (CHG 2000~).  This activity is necessary because the Conceptual Design was 
completed before design requirements were finalized and released. 

5.2 Scope 

This activity is applicable only to the Project W-521 modifications of the 241-AZ-702 Primary Tank 
Ventilation System. The specific ventilation system modifications that are in the scope of Project W- 
521 are identified in the CDR (CHG 2000~). Components and subsystems that are not being redesigned 
by project W-521 are not in the scope of this activity. 

This activity does not directly apply to the 241-AY and 241-AZ annulus ventilation systems. These 
systems were not modified in the CDR. While Project W-521 had planned to rekrbish these systems 
(thereby returning them to active service), the project did not intend to redesign the systems. Since the 
systems were not redesigned, the design requirements of CHG (2000a) were not imposed on these 
existing systems. Future activities during Definitive Design that alters the design of these systems will 
-omply with design requirements of CHG (2000a). 

5.3 Methodology 

The Project W-521 ventilation system modifications were compared to applicable requirements in "F- 
5 196 and compliance to those requirements determined. The specific ventilation system components 
md subsystems within the scope of Project W-521 are identified in Section 2.2.9 of the CDR (CHG 
2000~). A requirement was considered applicable if it was directly or indirectly related to a component 
ir subsystem being modified or replaced by the project. 

The requirements were grouped into three categories: 1) requirements that were explicitly met by the 
Zonceptual design; 2) requirements that were not explicitly met by the Conceptual Design but will be 
net during Definitive Design; and 3) requirements that will not be met in either the Conceptual or 
Iefinitive Design. The requirements associated with the second and third groups are listed in Table 5-1. 
Specific and detailed requirements are included in CHG (2000a). General actions necessary to ensure 
:ompliance with the requirements are identified also in Table 5-1. 
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i.4 Discussion 

'he evaluation of Project W-52 1 ventilation system modifications identified one requirement in CHG 
2000a) that may not be met by the proposed changes to the primary exhaust ventilation system. The 
141-AZ-702 ventilation system provides primary tank ventilation for all four aging waste tanks in the 
141-AY and 241-AZ tank farms. The 241-AZ-702 ventilation system draws approximately 150 cfm 
hrough each of the four tanks (600 cfm total) during normal operations. The system is capable of 
lrawing approximately 500 cfm through one tank while drawing 150 cfm through the three other tanks. 
kction 3.2.1.1.5.a of CHG (2000a) requires drawing 500 cfm of air through any tank with an operating 
nixer pump. Therefore, this requirement cannot be satisfied if mixer pumps in the 241-AY and 241-AZ 
ank farms are operated simultaneously. 

i.5 Conclusions and Recommendations 

The CDR (CHG 2000c), which completed in July 2000, does not comply with the design requirements 
if CHG (2000a). Upon implementation of the actions identified herein, compliance with the design 
equirements for the scope assigned to W-521 will be achieved. However, one potential issue exists. 
Uthough not explicitly required, mixer pumps in only one tank can be operated at any given time. 
rherefore, mixer pumps cannot be operated in both the 241-AY and 241-AZ tank farms at any given 
ime. CHG (2000a) does not require simultaneous operation of mixer pumps in two farms. However, 
his limitation may lead to scheduling conflicts as waste is staged and moved through the 241-AY and 
!41-AZ tank farms. 

i.0 OVERALL RECOMMENDATIONS 

The overall conclusions related to each of the activities are as follows: 

i.1 Technical Recommendations 

The Primary Ventilation System should have an increased maintenance effort placed on 
it, and should support all RPP goals without significant upgrades. 
The routing of condensate to each of the AY/AZ Tanks is appropriate and necessary, and 
should be implemented in the manner shown in this report. 
The AY/AZ Annulus Ventilation System should be upgraded through the addition of the 
two fan option. 
The Ventilation System upgrades recommended by this activity should be (and can be) 
installed in compliance with the Level 2 Specifications. 
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5.2 Cost Recommendations 

The overall cost impact of this effort on the CDR Estimate is as shown below: 

0 Primary Ventilation Modification 

r~i: ..., . . .. PRIMARY VENTILATION SYSTEM AZ-702 REDUCTION FROM CDR ESTIMATE 
BASECOST I 0 x 5  I MUliCM 1 PM I DD I TITLEIII I S U ~ O P S  I UP I STARTUP ISIIEALLCC~ ESUL I COW I ’ ,Trn*  

0 Condensate Routing Modification 

0 Annulus System Modification 
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Appendix A 
Alternative Generation and Analysis for the AYIAZ Primary Ventilation System Ai5702 

IND Team Page A-1 

C-17 



WP-7069. REVISION 0 

.- 

ALTERNATIVE GENERATION AND ANALYSIS FOR THE AYIAZ 
PRIMARY VENTILATION SYSTEM AZ-702 

prepared for 

CH2M HILL HANFORD GROUP, INC. 
Contract No. 4412, Release 46 

Report No. 990920203-019 
ACDR Subtask 3 

Revision 0 

September 2000 

prepared by 

HND TEAM 

C-18 

__ 



RPP-7069, REVISION 0 

kTERNATIVE GENERATION AND ANALYSIS FOR THE 
4Y/AZ PRIMARY VENTILATION SYSTEM AZ-702 

Report No. 990920203-019, Rev. 0 
September 2000 

ALTERNATIVE GENERATION AND ANALYSIS FOR THE AY/AZ 
PRIMARY VENTILATION SYSTEM AZ-702 

prepared for 

CH2M HILL HANFORD GROUP, INC. 
Contract No. 4412, Release 46 

Report No. 990920203-019 
ACDR Subtask 3 

Revision 0 

September 2000 

Prepared by: Lany E. Shipley, P.E 
Scott R. Pierce, P.E 

Approved by: 

Date: 4-2 I -00 

HND Team Page i 



RPP-7069, REVISION 0 

ALTERNATIVE GENERATION AND ANALYSIS FOR THE 
A Y / a  PRIMARY VENTILATION SYSTEM AZ-702 

Report No. 990920203-019, Rev. 0 
September 2000 

1 .o 
1.1 
1.2 

2.0 
3.0 
4.0 

4.1 
4.2 
4.3 
4.4 
4.5 
4.6 
4.7 

5.0 
5.0 
7.0 

Table of Contents 

INTRODUCTION .......................................................................................................................... I 
Scope ........................................................................................................................................... I 
Methodology ............................................................................................................................... I 

DEFINITIONS ................................................................................................................................ 2 
PROBLEM DEFINITION .............................................................................................................. 2 
ALTERNATIVE ANALYSIS ........................................................................................................ 

Determination of Options ........................................................................................................... i . .  
Development of Option System Fault Trees 
Development of Equipment Failure Probabilities 
Development of the System Probability of Failure per Transfer ................................................ 4 
Development of Cost Estimates c 

Additional Maintenance Prior to a Transfer 
Uncertainty.. 6 

SUMMARY .................................................................................................................................... t 
RECOMMENDATIONS ................................................................................................................ i 
REFERENCES ............................................................................................................................... i 

3 

1 
............................................................................... - 

....................................................................... 

.................................................................................................. ~ 

6 ............................................................................... 
................................................................................................................................ - 

4ppendices 

4ppendix A 
Fault Trees 

4ppendix B 
System Failure Probability Per Transfer 

4ppendix C 
Drawings and Sketches 

Qpendix D 
Cost Estimate Analysis 

HND Team Page ii 

c-20 



RPP-7069. REVISION 0 

kLTERNATIVE GENERATION AND ANALYSIS FOR THE 
4 Y / U  PRIMARY VENTILATION SYSTEM AZ-702 

Report No. 990920203-019, Rev. 0 
September 2000 

Figures 

3gure 4-1. Failure Probabilities per Transfer as a Function of the Additional Costs. .............................. 6 

Tables 

rable 4-1. Primary Ventilation System Configuration Options ................................................................ 3 
rable 4-2. Basic Component Failure Rate Data. ....................................................................................... 4 
rable 4-3. Summary Results ...................................................................................................................... 4 

lND Team Page iii 

c-21 



RPP-7069. REVISION 0 
~ 

4LTERNATIVE GENERATION AND ANALYSIS FOR THE 
4YIAZ PRIMARY VENTILATION SYSTEM AZ-702 

Report No. 990920203-019, Rev. 0 
September 2000 

4CD 
4GA 
:D 
:TB 
IST 
3EME 
flTTF 

Acronyms 

Advanced Conceptual Design 
Alternative Generation and Analysis 
Conceptual Design 
Cost-To-Benefit 
Double-Shell Tanks 
High Efficiency Mist Eliminator 
Mean Time to Failure 

3ND Team Page iv 

c-22 



WP-7069, REVISION 0 

ALTERNATIVE GENERATION AND ANALYSIS FOR THE 
AYJAZ PRIMARY VENTILATION SYSTEM AZ-702 

Report No. 990920203-019, Rev. 0 
September 2000 

1.0 INTRODUCTION 

1.1 Scope 

There are two types ofventilation systems associated with the AY 241-101 & 102, and AZ 241-101 & 
102 Double-Shell Tanks (DST). These ventilation systems are used to remove waste heat, to purge the 
tank of generated gases, and to maintain negative pressure in the tank and annulus. The Annulus 
Ventilation Systems are used to ventilate the annular space between the primary and secondary tank 
walls. The primary ventilation system consists of individual recirculation / cooling loops for each tank 
and one exhaust system for all four tanks. This Alternative Generation and Analysis (AGA) is 
associated with the primary system and specifically with those components contained within Building 
AZ-702. 

During the Conceptual Design (CD) for Project W-521, “Waste Feed Delivery,” a regulatory 
interpretation caused a fully redundant train of the primary ventilation process equipment and ducting to 
be provided for risk mitigation. Due to limited space within AZ-702, this additional equipment required 
that an annex to the existing AZ-702 be provided to house that equipment. This revision to the primary 
ventilation system was captured in equipment layout drawings and in the cost estimate provided in the 
CDR. 

Since the completion of the CD, the regulatory requirement for a fully redundant train has been 
reevaluated. As a part of the Advanced Conceptual Design (ACD), this AGA was prepared to assess the 
reliability of the primary ventilation system relative to its ability to support waste transfer to the 
vitrification facility, and recommend the minimum upgrades to reliably achieve this goal. The 
assessment included a cost-to-benefit (CTB) analysis of the addition certain components that are 
redundant. The cost incurred was for the addition of redundant components while the benefit received 
was due to the increased reliability provided by the redundancy. Using Mean Time to Failure (MTTF) 
data, the improvement in the probability of failure was determined. 

Cost estimates were developed to support the CTB for the base case and the three options. There are 
interactions between these costs developed for this AGA and the estimates that are developed in 
conjunction with the AZ-702 condensate drain rerouting and the modifications included in the CDR. 

The following sections describe the execution of this analysis and present the results. 

1.2 Methodology 

The CTB analysis performed for this AGA required that the options to be usedin the study be 
established; the system fault trees be developed; the failure rates for the ventilation system components 
be determined; the system failure probabilities propagated through the system fault trees, and the cost 
For implementation of each of the options be estimated. The evaluation and recommendations includes 
an examination of the base case reliability with enhanced maintenance. 
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2.0 DEFINITIONS 

Vitrification Facility - The facility where tank waste will be processed and placed in a stable, glassified 
form for interim storage. 

Cost-to Benefit - The relationship between the life-cycle cost to maintain or add a system or component 
and the ultimate benefit (in this case reliability improvement) received. 

Double Shell Staging Tanks - An existing DST to be used for preparing waste for transfer to the 
vitrification facility. 

3.0 PROBLEM DEFINITION 

Transfer from the AY/AZ, double shelled staging tanks, to the vitrification facility is directly dependent 
on continual operation of the primary ventilation system and specifically those components contained 
within AZ-702. The components on the tank inlet and the tank outlet (ducting, louvers, filters, dampers, 
etc) up to AZ-702 facility are passive components and not subject to the reliability considerations 
developed within this report. It should be noted that the use of the recirculation loop components at 
each AYIAZ tank outlet should not be required during the time of transfer and, in any case, are beyond 
the scope of this AGA. 

The primary ventilation system must function during a transfer. If it does not, the transfer will be 
ceased. Increased reliability of the AZ-702 components will increase the probability that each transfer 
will be successful, or conversely, that the probability of failure will be lower. This increase in reliability 
may be obtained through the addition of redundant components, albeit at the penalty of increased project 
cost. 

4.0 ALTERNATIVE ANALYSIS 

A CTB evaluation technique is employed to evaluate the options available to improve reliability of the 
primary ventilation system (AZ-702). The technique employed is described in the following steps: 

1.1 Determination of Options 

Various alternatives that would increase the primary ventilation system reliability were reviewed. It was 
jetermined that the addition of redundant components was the best method of increasing system 
reliability. 

k e e  options have been established along with the base case (existing configurations) that are described 
in Table 4-1. The base case represents those components that are required by the air permit for 
>peration but are non-redundant in their current configuration. Those components are the High 
Efficiency Mist Eliminator (HEME), Condenser, and Chiller. The base case includes one HEME, one 
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Options 

Base 

Condenser, and one Chiller. Drawingdsketches depicting the existing configuration can be found in 
Appendix C. 

Option 1 adds a redundant HEME, piping, ducting, valving, and appropriate instrumentation to the base 
case. The new equipment will be located within the existing structure. Modifications to the roof will be 
necessary in order to accommodate maintenance access. Drawings and sketches depicting the 
configuration of Option 1 can be found in Appendix C. 

Option 2 adds a redundant chiller unit to the configuration discussed for Option 1. The redundant chiller 
will be located adjacent to the existing unit with the Glycol lines connecting to the existing lines. 
Drawingdsketches of this configuration can be found in Appendix C. 

Option 3 adds a fklly redundant train in a new AZ-702 building annex. This layout represents the 
configuration described within the CDR. This configuration requires that the AZ-702 Building be 
expanded to house the equipment. For this option, the chiller unit is relocated from the Option 2 
configuration to be in closer proximately to the new condenser. Drawings and sketches for Option 3 can 
be found in Appendix C. 

Building 
Existing I NewAnnex 

HEME Condenser Chiller 

1 1 1 X .- - I 

Table 4-1. Primary Ventilation System Configuration Options 

I 
2 
3 

L I 1 n 
2 1 2 X 
2 2 2 X X 
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' Failure I Transfer ~ this number is derived from the assumption that a transfer can continue for up to 
a week and hence, the Failure per Transfer is Failure per hour x Hours per Transfer = Failure per 
transfer. 

Chiller Control Fails 2.00E-06 3.36E-04 NPRD-95, Page 2-67 
Condenser Tube Leak 5.00E-06 8.40E-04 NPRD-95, Page 2-48 
Glvcol Line Leak 1.00E-06 1.68E-04 NPRD-95. Page 2-150 , -  

Ducting Fails 1.00E-06 1.68E-04 NPRD-95, Page 2-67 (ducting used was 

HEME Catastrophic Failure 1.00E-05 1.68E-03 Engineering Judgment 
Condensate Line Plugs 1.00E-06 1.68E-04 Engineering Judgment 

pipe) 

Information: 
1. Catastrophic failure of HEME refers to failure of the internal mesh. 
2. Probabilities are in failuresihr. Probability of a failure/transfer assumes a one week (168 hour) transfer 

period 

1.4 

Jsing the fault trees developed in section 4.2 and the equipment failure rate data developed in section 
1.3, the probability of failure for the base case and each option for loss of system function is calculated. 
The detailed results of these calculations can be found in Appendix B. Table 4-3 includes is a summary 
if those results. 

Development of the System Probability of Failure per Transfer 

Table 4-3. Summary Results. 
System Probability of Probability of Success per MTTF Increased Costs 

Failure per Transfer (in weeks) 

Base Case 7.2 x 10-3 0.9928 139 $0.00 
Option 1 5.4 x 10-3 0.9946 185 $1.801 M 
Option 2 1 . 0 ~  10-3 0.9990 970 $2.679 M 
Option 3 2.0 x 10-4 0.9998 5050 $7.948 M 

Transfer 

The results in Table 4-3 are graphed in Figure 4-1 showing the decrease in probability of ventilation 
iystem failure per transfer as a function of the increased costs for each option. Thus, the results in 
jigure 4-1 show the cost versus benefit (reduced ventilation system failure per transfer) for each option. 
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..5 Development of Cost Estimates 

'he base case assumes that no modifications to the existing facility will be required, hence, there is no 
dditional cost. Detailed cost estimates that are used in the CTB analysis were developed for each 
Iption. Option 1 utilizes the existing AZ-702 building structure in which to locate the redundant 
quipment (HEME) and associated ducting and valves. Option 2 includes the costs of Option 1 and an 
dditional chiller, which is, located outside the AZ-702 building envelope. Neither Option 1 nor 2 
equires modification to the existing structures. The estimate for Option 3 includes the costs associated 
vith the new AZ-702 annex and fully redundant train of equipment. The labor rates, site adds escalation 
nd contingency rely on the same assumptions as were used in the CD cost estimate. A summary of the 
ost estimate increases above the base case is provided in Table 4-3, and the detailed cost data may be 
bund in Appendix D, of Attachment C, Appendix A. 

1.6 

f routine maintenance were to be performed on the ventilation system several weeks prior to each waste 
ransfer, and the system restarted to allow sufficient time to observe maintenance errors, significant 
mprovements in system reliability can be achieved. The basis for this reliability improvement is the 
act that the system base case has a MTTF of approximately 139 weeks. Thus, performing routine 
naintenance a couple ofweeks before a waste transfer would restore the system to near 139 week 
YlTTF. Thus, the system base case MTTF would be improved from a 87 (189 - 52) week (worst case) 
YlTTF back to a 139 week MTTF. This improvement would be achieved at some cost, but one that is 
nsignificant compared to the other options. 

1.7 UncertainQ 

The uncertainty associated with this evaluation will be addressed by bounding both the cost and failure 
robabilities in Figure 4-1. The cost uncertainty will be expressed as 10% of the Option cost estimate, 
vhile the total uncertainty in the failure probability will be expressed as an order of magnitude for each 
Iption. The uncertainty in the cost estimate is taken to be within the normal range of estimating 
iccuracy for a project of this type, i.e. modifications to a system within an existing structure. The 
mcertainty approximation in the system failure probability represents the assumed uncertainty 
issociated with the failure rate of each component propagated through the system fault tree. 

The use of this uncertainty analysis approach allows one to visualize the region of space around each 
:ost to benefit point value in Figure 4-1 within which the correct answer most probably resides. 

Additional Maintenance Prior to a Transfer 
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1.OE01 

f 
? 

0 1 2  3 4 5 6 7 8 9 10 

Additional Costs ($M) 

Figure 4-1. Failure Probabilities per Transfer as a Function of the Additional Costs. 

5.0 SUMMARY 

3gure 4-1 provides the results of the CTB evaluation. A brief examination of the base case shows us 
vith the zero additional expenditure, the probability of failure of the primary system is 7.2~10-3 during 
my transfer, where a transfer is considered to last for one week. Said differently, the information 
ndicates that the system could most likely operate successfully for 139 weeks without failure (is., the 
vITTF is 139 weeks). This then becomes the standard against which the options and this cost should be 
udged. 

Iption 1 indicates that by adding a HEME at a cost of $1.804 M, an improvement in the failure 
robability to 5.38E-03 per transfer is achieved. This equates to 185 weeks as the MTTF for this option. 

Iption 2 adds a HEME and a chiller at a cost of $2.679 M and achieves an improvement in the failure 
robability to 1.03E-03 per transfer or a MTTF of 970 weeks. 

Iption 3 adds a HEME, a chiller, a condenser, and a building annex at a cost of $7.948 M and achieves 
In improvement in the failure probability to 1.98E-04 per transfer or a MTTF of 5050 weeks. 
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6.0 RECOMMENDATIONS 

An examination of the summary data provided in section 5.0 demonstrates that the base case has 
substantial margin against failure, ;.e. one-week operational requirement versus 139 weeks as a MMTF. 
rhis fact taken alone would indicate that additional improvements in the probability of failure should 
not be necessary. 

Additional margin can be obtained by performing the periodic maintenance on the system components 
just prior to a transfer. The amount of maintenance and the cost of this maintenance should be evaluated 
juring the Title design and a decision made at that time as to the necessity to perform this maintenance. 

The data further indicates that the minor improvement in the probability of failure (a difference in the 
MTTF of 46 weeks) versus the cost for Option 1 (additional HEME) does not speak well for the choice 
Jf this option in any case. A similar case can be made for Options 2 and 3. 

[t is recommended to continue with the existing system and investigate increased maintenance during 
DST staging/transfer operations. 

7.0 REFERENCES 

WRD 1995, Non-Electronic Port Reliability Data, NF'RD-95, Reliability Analysis Center of Rome, 
New York. 
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Fault Trees 
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Model:  C:\RRRRMIS\241-AZ-702 Base C a s e . s e t  Page 1 

F a i l u r e  o f  Condenser/HEME Cause Loss o f  Exhaust  V e n t i l a t i o n  
Condenser F a i l s  

C h i l l e r  F a i l s  
C h i l l e r  E l e c t r i c a l  F a i l s  
C h i l l e r  M e c h a n i c a l  F a i l s  
C h i l l e r  C o n t r o l s  F a i l  

Condenser Tube Leak 
G l y c o l  L i n e s  F a i l  

D u c t i n g  F a i l s  
HEME F a i l s  

Condensate L i n e  P l u g s  
HEME C a t a s t r o p h i c  F a i l u r e  
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Model:  C:\RRRRMIS\24l-AZ-702 O p t i o n  l . s e t  Page 1 

F a i l u r e  of CondenserlHEME Cause Loss o f  Exhaust  V e n t i l a t i o n  
Condenser F a i l s  

C h i l l e r  F a i l s  
C h i l l e r  E l e c t r i c a l  F a i l s  
C h i l l e r  Mechanica l  F a i l s  
C h i Z l e r  C o n t r o l s  F a i l  

Condenser Tube Leak 
G l y c o l  L i n e s  F a i l  

D u c t i n g  F a i l s  
Redundant HEMES F a i l  

HEME System 1 F a i l s  
HEME 1 C a t a s t r o p h i c  F a i l u r e  
Condensate L i n e  1 Plugs  
HEME Duct  1 F a i l s  

HEME 2 C a t a s t r o p h i c  F a i l u r e  
Condensate L i n e  2 P lugs  
HEME Duct  2 F a i l s  

HEME System 2 F a i l s  

. 

. .  
L 
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n "1 Failure of Condenser/HEME Cause Loss of Exhaust Ventilation 
1 1  - 

11121 
11122 
11123 
11124 

1 1 2  
1 2  

1323 

Condenser Fails 
Redundant Chillers Fail 

Chiller 1 Fails 
Chiller 1 Electrical Fails 
Chiller 1 Mechanical Fails 
Chiller 1 Controls Fail 
Glycol Line 1 Fails 

Chiller 2 Electrical Fails 
Chiller 2 Mechanical Fails 
Chiller 2 Controls Fail 
Glycol Line 2 Fails 

Chiller 2 Fails 

Condenser Tube Leak 
Ducting Fails 
Redundant HEMES Fail 

HEME System 1 Fails 
HEME 1 Catastrophic Failure 
Condensate Line 1 Plugs 
HEME Duct 1 Fails 

HEME 2 Catastrophic Failure 
Condensate Line 2 Plugs 
HEME Duct 2 Fails 

HEME System 2 Fails 
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cl "1 F a i l u r e  of Condenser/HEME Cause Loss o f  Exhaust  V e n t i l a t i o n  
c--o 11 

- 
11112 
11113 

1112  
1113  
1114 

1124 
1 2  

Redundant Condensers F a i l  
Condenser 1 F a i l s  

C h i l l e r  1 F a i l s  
C h i l l e r  1 E l e c t r i c a l  F a i l s  
C h i l l e r  1 Mechan ica l  F a i l s  
C h i l l e r  1 C o n t r o l s  F a i l  

Condenser 1 Tube Leak 
G l y c o l  L i n e  1 F a i l s  
Condenser 1 Duct  F a i l s  

C h i l l e r  2 F a i l s  
Condenser 2 F a i l s  

C h i l l e r  2 E l e c t r i c a l  F a i l s  
C h i l l e r  2 Mechan ica l  F a i l s  
C h i l l e r  2 C o n t r o l s  F a i l  

Condenser 2 Tube Leak 
G l y c o l  L i n e  2 F a i l s  
Condenser 2 Duc t  F a i l s  

D u c t i n g  F a i l s  
Redundant H E M E S  F a i l  

HEME System 1 F a i l s  
HEME 1 C a t a s t r o p h i c  F a i l u r e  
Condensate L i n e  1 P l u g s  
HEME Duct  1 F a i l s  

HEME 2 C a t a s t r o p h i c  F a i l u r e  
Condensate L i n e  2 P l u g s  
HEME Duct  2 F a i l s  

HEME System 2 F a i l s  

. 
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Table B.l. Failure Probability per Transfer for the Base Case. 

Table B.2. Failure Probability per Transfer for the Option 1. 

IProbability is the probability of a failure per transfer 1 
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~~~ ~ ~ 

Condenser Fails 8.59E-04 
Redundant Chiller Fails 1.91E-05 
Chiller 1 Fails 4.37E-03 
Chiller 1 Electrical Fails 5.04E-04 
Chiller 1 Mechanical Fails 3.36E-03 
Chiller 1 Controls Fail 3.3 6E-04 
Glycol Line 1 Fails 1.68E-04 
Chiller 2 Fails 4.37E-03 

Table B.3. Failure Probabilitv Der Transfer for the ODtion 2. 

~~ 

11 12 1 
11 122 
1 1  123 

Chiller 2 Electrical Fails 5.04E-04 
Chiller 2 Mechanical Fails 3.36E-03 
Chiller 2 Controls Fail 3.3 6E-04 

~______  ~ ~ 
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Table B.4. Failure Probability per Transfer for the Option 3. I 
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Appendix B 
Sketches of Options for Returning Condensate to the 241-AY and 241-A2 Tanks 
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Appendix C 
Sketches of 241-AY Annulus Ventilation Systems 

Modifications to Achieve Higher Flow Rates 
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Appendix D 
Sketches of 241-AZ Annulus Ventilation System 

Modifications to Achieve Higher Flow Rates 
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Appendix E 
Calculation of 

Annulus Pressure of Tank 241-AY-102 
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Note: The purpose of this calculation is to access the ability to calculate the annulus pressure of the 
241-AY and 241-AZ tanks at high flow rates. This calculation is not bounding. Rather the calculation 
mimics conditions recorded in January of 1998. In that month, field data was collected from the 241- 
AY-102 annulus ventilation system (Numatec, 1998). With that system operating nominally at 1000 
cfin, the annulus pressure was observed to be -15.5-in. (w.g.). 
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1.0 INTRODUCTION 

Several small tanks associated with the Hanford Site Tank Farms, generally called “catch tanks”, were 
identified in 1996 as being in need of an assessment to determine whether they were in compliance with 
specific State and Federal regulations, and to identify what alternatives are available to manage these 
tanks in a manner which is acceptable to the Washington State Department of Ecology (Ecology) and 
the U.S. Department of Energy (DOE). Subsequently, a Catch Tank Code Compliance Evaluation and 
Alternatives Study (HNF-SD-TWR-ES-005, Rev. 0) was commissioned in early 1997 to evaluate the 
potential path-forward with respect to 200 Area tanks (catch tanks). 

The catch tanks have capacities ranging from a few hundred gallons to a maximum of fifty thousand 
gallons. They are used primarily to provide secondary containment for transfer lines, seal loops, and 
valve or diversion boxes. The 241-AZ-151 Catch Tank was included in the study referenced above and 
determined to be a tank with long-term need. Therefore, the recommendation resulting from the 
evaluation and alternative study was to upgrade the system by completely replacing the catch tank with a 
tank that provides proper secondary containment. Later, the tank function was changed from a 
secondary containment capacity to a condensate catch location. Furthermore, project goals and 200 
Area Tank Farm configurations have changed, which resulted in a W-521 Project recommendation to 
remove the tank from service and begin closure procedures to transfer the tank to the Inactive 
Miscellaneous Underground Storage Tank (IMUST) list. This recommendation was based on the 
evaluation of the tank from a perspective including regulatory goals, reduced risk, and life-cycle costs. 
The W-521 recommendation was also based on past negotiations with Ecology that decided, for catch 
tanks, once stabilized and placed on the IMUST list, monitoring would no longer be required. Althoub.. 
the recommendation was accurate at the time, missed project milestones and the recent issuance of State 
of Washington Department of Ecology Administrative Order No. OONWPKW-1251, have resulted in 
changes to the methodology employed by Ecology. The classification IMUST and the corresponding 
list has not been implemented to date and will not be in the future. Instead, Ecology has ordered (as of 
June 13,2000) the DOE and CH2M Hill Hanford Group, Inc. (CHG) to submit a written report (tabular 
listing) describing the disposition of all double shell tank (DST) transfer system components, including 
241-AZ-151, on or before December 16,2000. The listing must describe when each component will be 
officially removed from service and a description of the disposition, for approval by Ecology. 

1.1 Purpose 

The purpose of this task was to review and refine the approach to be used for the 241-AZ-151 
decommissioning to determine an effective strategy with respect to regulatory compliance, time to 
complete the task, cost to complete the task, and the logistics associated with decommissioning the tank. 

1.2 Scope 

The overall W-521 Advanced Conceptual Design (ACD) objective was to refine the initial project 
technical and cost baselines, consistent with the latest information. Decommissioning the 241-AZ-151 
Tank was initially reviewed as part of the W-521 conceptual design and a base strategy of capping and 
leaving in place was developed. The scope ofthis analysis was limited to assessing 241-AZ-151 as it 
pertains to transitioning the catch tank from an operating tank to a DST transfer system component 
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lesignated for initial decommissioning (Le., designated as a tank that will not remain in use beyond June 
30,2005, and therefore included on the tabular list required by Ecology). 

1.2.1 Site Description 

The 241-AZ-151 Catch Tank is located within the AZ Farm, west of the 241-AZ-152 sluice transfer box, 
,n the 200 East Area. Throughout the life of the tank, it has received drainage from the 241-AZ-101 and 
-102 vent header seal loops, AZ Tank farm Leak detection pits, 241-AZ-801A instrumentation building 
floor drain, process condensate from the 241 -AZ-702 Ventilation Building, and 241 -AZ-l52 sluicing 
.ransfer box floor drain. See Table 1-1 for all lines, including electrical, currently identified as leading 
o the tank. Appendix A provides detailed status information on these lines. 

The 27-year-old tank is a concrete vault lined with 10 gauge carbon steel. Being incased in concrete, the 
:arbon steel liner does not require cathodic protection so no deterioration is expected due to galvanic 
Iction. The tank contents are not routinely treated to inhibit general internal corrosion; however, a 
-eport assessing the need to add corrosion inhibitors concluded that no chemical adjustments were 
.ecommended due to the fact that the tank is pumped out at regular interval (Palit 1996). The catch tank 
:oncrete vault is L-shaped, consisting of a pump pit on the upper section and a reservoir in the lower 
section (see attached Drawing H-2-683 16, Appendix B). The pump pit inside dimensions are 6 A long 
iy 6 A wide by 10 A 11 in. deep. The reservoir area is 24 ft long by 6 A wide by 11 ft deep. The 
:onCrete wall is 12 in. thick all around. The pump pit has a cover block on top. The inside surface of 
he lower section is lined with 10 gauge carbon steel. The reservoir floor slopes towards a sump 
ocation at one end. 

rhe catch tank has a maximum holding capacity of 11,900 gallons, but is controlled administratively to 
i volume of 9520 gallons (Ryan 1994). The total annual accumulation consisting of process drain and 
.sin intrusion is estimated to be approximately 60,000 gallons, of which 600 gallons can be attributed to 
.sin intrusion. The 241-AZ-151 Transfer Pump intake extends down into the sump but the catch tank is 
:apable of being pumped below floor level. 

The chemical injection access into the catch tank can be made by opening the monitor plug on the cover 
)lock (see attached Drawing H-2-683 16, Appendix B). Additionally, the injection drains can be 
iccessed through the pump pit, into the catch tank, located below the pit. 
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2”-PW-4602-M5 
(460314602 & 460414602) 
2”-DR-0081-M5 

3”-DR-0086-M5 

3”-PW-4605-M5 

x 

In From Out To Elev. At Tank 
241-AZ-155 Storage Pit NA 659.84 BOP 
AZ-Leak Detection Pit NA 659.84 BOP 

Drains From Abandoned AZ NA 659.84 BOP 
Ventilation Headers 
Floor Drain & Compressor NA 659.84 BOP 
Condensate 
DrainFrom 241-AZ-801A, 241- 
AZ-702 
Ventiliation Bldg. 
NA 241-AZ-152 670.50 CL 

Sluicine Transfer 
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I I Box 
4”-DR-0084 I 241-AZ-152 Sluicing Transfer Box I NA I 659.84BOP 

W-151-IA (HI)-M9 

PANELBOARD B 

1.0 METHODOLOGY 

The methodology employed for this task was to: 1) identify the applicable regulations with regards to 
ierforming initial decommissioning for the tank; 2) identify viable 241-AZ-151 options consistent with 
ither site decommissioning activities; 3) compare (using the guidance for an Alternative Generation 
balysis, contained in HNF-IP-0842, Section 3.3,  Alternative Generation and Analysis) the various 
Iptions of accomplishing the decommissioning; and 4) document the results of the comparison 
preferred method) for decommissioning the 241-AZ-151 Tank. 

The need for the tank decommissioning was documented and defined in Section 4.0 problem definition. 
To accomplish the decommissionmg, a list of viable alternatives was created and discussed in Section 
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5.0. Section 6.0 then ranked each altemative/component with respect to: 1) effectiveness, 2) initial cost, 
and 3) life-cycle cost. Recommendations were formulated based on this information. 

2.1 Regulatory Methodology 

At present, DOE facilities designated for deactivation are subject to guidelines defined under DOEEM- 
0246, Decommissioning Resource Manual. The resource manual provides necessary reference for the 
DOE decommissioning program conducted by the Office of Environmental Restoration (EM-40). In 
preparation for the final transition to EM-40, the deactivation activities under guidance of DOE/EM- 
0246 are designed to place the facility in a safe and stable condition to minimize the long-term cost of 
surveillance and maintenance programs that are protective of workers, public, and the environment, until 
final decommissioning is completed. 

On June 13,2000, Ecology reiterated the guidance from the Decommissioning Resource Manual as well 
as mandated action towards decommissioning the catch tanks with the issuance of State of Washington 
Department of Ecology Administrative Order No. OONWPKW-1251. Contained in the Administrative 
Order were specific actions required to finalize initial decommissioning and prepare the catch tanks for 
final transition to EM-40. The actions identified in the Ecology Order also comply with the intent set 
forth in the DOE guidance with respect to performing initial decommissioning resulting in a safe and 
stable facility configuration, ready for final decommissioning by EM-40. 

The actions identified in the Ecology Administrative Order were as follows: 1) stabilization of the tank; 
2) isolation of the tank; and 3) monitoring the tank. Completion of these steps would conclude initial 
decommissioning. Therefore, the methodology described above was based on ranking the alternatives 
correlating to each specific action outlined for successful initial decommissioning. Each action of the 
initial decommissioning (stabilize, isolate, and monitor) had a number of alternatives, described in 
Section 5.0 that were identified and evaluated independently. The alternative that scored the best for 
each action (Le., each component of decommissioning) was chosen and combined with the best 
alternatives for the other actions to form the preferred alternative. 

3.0 ASSUMPTIONSKINCERTAINTY 

The present physical condition of the catch tank caused some uncertainty inherent in the evaluation, 
conclusion, and recommendation of this report. The advanced age and exposure to elements, both inside 
and outside the tank, were considered factors of uncertainty involved in decommissioning the tank. The 
following assumption regarding this uncertainty was made: 

8 The physical condition, including structural integrity, of the catch tank would not prohibit 
implementation of viable decommissioning alternatives. 

The present penetrations to the 241-AZ-151 Tank include lines from numerous facilities that were 
identified throughout this document and in Table 1-1. The current scope ofproject W-521 already 
includes the rerouting of a process condensate line (PC-AZ503-M27) as part of another effort, 
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independent of the tank decommissioning. Therefore, PC-AZ503-M27 was not included in the scope of 
activities concerning initial decommissioning. The source and potential rerouting of all other lines was 
not examined for the purposes of this study, per direction transmitted from the CHG during a Value 
Engineering meeting held August 22,2000. Although the following assumptions were prescribed by 
CHG, it was not clear that the data supporting the assumptions was confirmed. Subsequently, Appendix 
A documents those lines that were confirmed as being out-of-service and those that could require 
additional investigation. The following assumptions regarding these issues were made: 

0 All lines entering the 241-AZ-151 Tank, recognizing PC-AZ503-M27 would have already been 
rerouted, would be out-of-service. 

Cost and logistics concerned with completing initial decommissioning would be based on cutting 
and capping all lines, recognizing PC-AZ503-M27 would have already been rerouted, entering 
the pithank. 

0 

In preparation for the final transition to EM-40, the deactivation activities under guidance of DOEEM- 
0246 were designed to place the facility in a safe and stable condition to minimize the long-term cost of 
a surveillance and maintenance program that would be protective of workers, public, and the 
environment until final decommissioning was completed. As identified previously in this study, 
Ecology had mandated specific activities to be accomplished to prepare the tank for final 
decommissioning (stabilization, isolation and monitoring). Additionally, a description of the final 
disposition of each component upon removal from service (Le., inclusion within a RCRA Closure Plan) 
was required. The following assumption regarding this activity was made: 

0 CHG would prepare and deliver the description of final disposition, consistent with other 
documents prepared for Ecology with respect to RCRA Closure Plans. This document would 
obviously serve as a major component of the basis for the final disposition description. 

4.0 PROBLEM DEFINITION 

The preparation of the W-521 Conceptual and ACDs and other current Tank Farm activities raised 
issues associated with the approach to decommission the 241-AZ-151 catch tank. As the Tank Farms 
transitioned to processing waste through Phase 1 WFD to the Waste Treatment Facility (WTF) and 
respective projects near the definitive phase, the need to complete the initial decommissioning of the 
tank in a timely and cost effective manner was clear. The characteristics of the pit that were deficient 
with respect to acceptable initial tank decommissioning criteria were identified in the following two 
sections. The third section (Section 4.3, Monitoring of Tank 241-AZ-151) did not identify a problem 
with the current monitoring system, it simply identified the existing configuration. No problem exists 
with the use of the ENRAF system as a means of monitoring an initially decommissioned tank. 
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4.1 Stabilization Of Tank 241-A2151 

Tank 241-AZ-151, as well as other catch tanks, received waste drained from diversion boxes, valve pits, 
diverter stations, and other DST equipment. Condensate from various systems routinely drained into 
some of the catch tanks. Line flush solutions also could drain into the tanks during jumper changes. In 
the past, rainwater intrusions through defective weather-tight valve pits drained into the tanks and 
contributed to the annual volume accumulations of liquid in these tanks. However, the implementation 
of Project W-030 was since minimized the rain intrusion due to pit modification that improved seals. 

Tank equipment (components) such as a pump, a pump-out jumper, a pump-out line, and associated 
liquid level monitoring probes exists as part of the catch tank system. The presence of these components 
in the tank further identified the need to stabilize the tank to complete initial decommissioning. 

The volume of 241-AZ-15 1 was controlled administratively to a predetermined level in accordance with 
the Tank Farm operating specifications OSD-T-151-0015 (Reberger 1995). The majority of the 
accumulations in the catch tank, such as condensate collection, were expected. Rain intrusions formed 
the bulk of the unexpected accumulations. 

The 241-AZ-151 Tank is operational at the time of this study, which inherently disqualified it from 
being classified as initially decommissioned. The identification of tank components, effluent sources 
(identified above and in Table 1-l), and the identification of liquid present in the tank were included to 
further define the problem and document the conditions to be mitigated. 

4.2 Isolation Of Tank 241-AZ-153 

Tank 241-AZ-151 receives waste drained from the 241-AZ-101 and -102 vent header seal loops, AZ 
Tank farm Leak detection pits, 241-AZ-801A instrumentation building floor drain, process condensate 
from the 241-AZ-702 Ventilation Building, and 241-AZ-152 sluicing transfer box floor drain. Each of 
these lines, also shown on Table 1-1, physically entered the tank at locations shown on the attached 
Drawing H-2-68316, Appendix B. All of these lines are not individually controlled by administrative 
and/or engineering controls, which disqualified the tank from being classified as initially 
decommissioned. 

The identification of effluent sources above and in Table 1-1, and the identification of liquid present in 
the tank were included to further define the problem and document the conditions to be mitigated. 

4.3 Monitoring Of Tank 241-AZ-151 

The method of liquid-level monitoring for Tank 241-AZ-151, while in operation, was by Food 
Instrument Corporation (FIC) gauges and later by an ENRAF system. Many underground storage tanks 
liquid levels in the 200 East and 200 West Area tank farms are measured by automatic ENRAFs, and 
read by Tank Monitoring and Control System (TMACS) equipment. An ENRAF consists of a sight 
glass, control box, and flush spray attachments. ENRAF Series 854 level gauges are certified by 
Factory Mutual for the National Fire Protection Association (NFPA 70, The National Electric Code) 
hazardous Class I, Division 1, Groups B, C, and D Locations. The measuring principle for these gauges 
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is based on the detection of variations in the weight of a displacer suspended in the process fluid. The 
displacer is connected to a wire wound on a precision measuring drum. 

5.0 ALTERNATIVE IDENTIFICATION AND DISCUSSION 

The following section documents the identification of alternatives that were feasible with respect to 
Tank Farm acceptable practices and that met the intent of the criteria set forth for accomplishing initial 
decommissioning. The initial decommissioning criteria and the correlating definitions are listed below: 

Stabilization - Liquids and waste removal within twelve (12) months, or sooner, from the date of 
removal from service. 

Isolation - Administrative andor engineering controls in place to prevent use within twelve (12) 
months, or sooner, from the date of removal from service. 

e Monitoring - Equipment and frequency to be employed to ensure each component remains free 
of liquids and waste upon removal from service, to be in place within twelve (12) months or 
sooner. from the date of removal from service. 

Subsequently, the following sections included alternatives specific to accomplishing each of the above 
criteria. 

5.1 241-AZ-151 Tank Stabilization Alternatives 

Section 4.1 included the problems associated with the current configuration and operation of the tank, 
with respect to stabilization. Each of the stabilization options identified had common steps associated 
with the removal of tank liquid and equipment. The first and second steps in stabilization, for each 
option, consisted of pumping the tank liquid through the pump-out jumper and pump-out line (to the 
associated diversion box) and removal of tank equipmentkomponents. Pumping the tank would require 
that the Tank Waste Remediation System (TWRS) operations administered approved procedures in a 
manner consistent to many other pump operations with respect to catch tanks. The removal of 
equipment would be an integrated process among facilities operations and engineering personnel, safety 
(radiation and hazardous chemical protection) personnel, and crafts or maintenance personnel. For 
removal of equipment from the tank, TWRS operations and engineering, radiation and chemical safety, 
and crafts or maintenance personnel would need to evaluate the planned activity before starting work in 
a hazardous (potentially contaminated) area. Based on the activity and the known or suspected hazards, 
the evaluation would determine what protective measures are required to maintain As Low As 
Reasonably Achievable (ALARA). Additional protective measures could include pre-job planning; 
flammable gas, radiation, and toxicological monitoring; and providing temporary confinement 
structures, temporary shielding, spark resistant tools, in-tank or in-pit decontamination spray wands, 
cranes, fixtures (e.g., positioning guides); or waste packaging, handling, and disposal. 
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These steps were typical throughout all stabilization options as they were the only feasible means of 
removing the liquid and waste from the tank, in a timely manner. The following sections identified 
options to change the tank configuration, after tank liquid is pumped and the equipment removed, to one 
consistent with initial decommissioning. 

5.1.1 Stabilization Option 1 

A highly effective way to complete stabilization of the catch tank would be to physically remove the 
tank. Upon completion of pumping activities, waste removal activities, and after isolation had occurred, 
the tank could be excavated and removed. Although removal of the tank was characterized in this study 
as an option specific to stabilization, it would obviously eliminate the need to monitor and enhance the 
level of isolation. 

To physically remove 241-AZ-151 Tank, major excavation and removal efforts would be required (see 
Drawing H-2-68316, Appendix B for the general tank configuration). Significant amounts of large earth 
moving and crane and hoisting equipment would be needed to safely excavate and remove the tank. 
This option would consist of excavation of the perimeter to a depth of twenty five (25) feet below grade 
(500 cubic yards), removal of 100 ton load with crane and load onto trailer, relocation and burial of the 
tank (1,750 cubic feet). If this option were chosen in conjunction with Options 1 or 2 of Sections 5.2.1 
or 5.2.2, respectively, the cost associated with completing tank removal would be diminished, as some 
excavation would be accomplished prior to tank removal. 

5.1.2 Stabilization Option 2 

An effective means of stabilizing the tank upon completion of the common steps required for all 
stabilization options would be no action. No action beyond the common steps would be required to 
adequately compete initial decommissioning with respect to stabilization. Pumping the tank liquid 
coupled with equipment removal would ensure that liquids and wastes were removed within twelve (12) 
months, or sooner, from the date of removal from service. 

5.2 2 4 1 - a 1 5 1  Tank Isolation Alternatives 

Section 4.2 included the problems associated with the current configuration and operation of the tank, 
with respect to isolation. Each of the isolation options identified will have a common future 
configuration associated with the rerouting of the process condensate line (PC-AZ503-M27) and a 
common step with respect to the installation of a tank cover. 

The common future configuration with respect to isolation, for each option, will consist of the previous 
rerouting of the line as illustrated in the attached Drawing ESW-521-M5, Appendix B. The PC-AZ503- 
M27 rerouting would include rerouting the line from 241-AZ-702 building to Tank 241-AZ-102, Riser 
14F (or 15F, 15G, 151 or 15 H). The line would connect to riser approximately five (5) feet above tank 
connection, resulting in a slope that would be one eighth (I /@ inch per foot or better. This rerouting 
would be part of a different activity and discussed here for information purposes only. 
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The common step with respect to isolation would be to provide a cover to the tank. Minimization of the 
rain infiltrations into the catch tank would he essential and achievable by sealing the access points of the 
rain intrusions. Flexible membranes made of chlorosulfonated polyethylene (or polyurea or other 
polymer substances) are ideal for use as weather covers for placement on the tank. There were no 
options concerning the cover materials as many are suitable and similar in function and cost, and 
provide no significant basis for comparison. The general configuration of the weather cover to he 
installed was shown in Figure 5-1. The tank would he covered with a cover block (modified for 
monitoring) consistent with other covers utilized to isolate inactive components. This activity, along 
with all identified in these isolation options would include operations and engineering planning 
consistent with Tank Farm under ground line maintenance, installation, or removal activities similar to 
those steps identified in Section 5.1. 

5.2.1 Isolation Option 1 

An effective way to isolate the lines penetrating the tank would he to cut and cap the lines at the tank 
location. This would involve excavating around the perimeter of the tank, locating the lines (see Table 
1-1 for line identification and elevations), and cutting and capping the lines in place. Cutting and 
capping the lines would result in isolation of both the tank and the lines leading to the tank. The cutting 
and capping process identified in this option would he similar to that completed for Project W030, Tank 
Farm Ventilation Upgrade (see attached Drawing H-2-131087, Rev. 2, sheet 3, Appendix B). Again, the 
applicable planning and implementation requirements referenced in Section 5.1 would need to be 
applied to effectively complete the individual line isolations. 

5.2.2 Isolation option 2 

Another way to isolate the tank would be to accept the assumption which states all lines, with the 
exception of PC-AZ503-M27, are inactive, and simply cut the lines and leave them uncapped. This 
would include some excavating (would require less precise and less intensive excavation as capping 
would not be performed) around the perimeter of the tank, locating and cutting the lines near the exterior 
of the tank structure. 

5.2.3 Isolation Option 3 

A less effective means of isolating the tank would be to consider all lines, with the exception of PC- 
M503-M27, inactive and leave in place. This would result in no action, accepting the assumption that 
inactive lines would not leak or flow into the tank. 

5.2.4 Isolation Option 4 

The last option for isolation ofthe 241-AZ-151 Tank would be to locate and isolate each line at the 
facility from which they originated. This would involve finding the effluent points of each line at the 
originating facility and examine whether the lines had been grouted, blanked, or capped in some manner 
acceptable with respect to pipe isolation. The results of these examinations would most likely lead to 
excavation at numerous facilities and sites throughout the Tank Farm Area to ensure no liquid could leak 
or flow to the 241-AZ-151 Tank. 
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Figure 5-1 Weather Cover for Concrete Structures. 
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5.3 241-AZ-151 Tank Monitoring Alternatives 

Section 4.3 includes the identification of the current configuration and operation of the tank, with 
respect to monitoring. 

5.3.1 Monitoring Option 1 

One effective way to monitor the tank after the isolation had been completed would be to install a simple 
manual tape through the tank cover. Three types of manual tapes are used in RPP tanks. The flake-box 
type, described here, is simple and of a more recent design. The older types include a vertically 
mounted exposed tape reel and a horizontal mounted encased tape reel. Despite their differences, all 
operate in essentially the same manner. A reel is permanently attached to the tank, and the measuring 
tape is attached to the reel. The measuring tape would be inserted through a hole in the tank cover. 
Readings would be obtained by attaching a portable direct current meter to the terminals provided at the 
tank. The zero position on the manual tape would represent the bottom of the tank or sump. 

5.3.2 Monitoring Option 2 

One alternative to monitor the tank upon completion of isolation and stabilization would be to leave the 
current monitoring apparatus in place. This would entail no action. The ENRAF would be left in place 
and utilized as currently operated. A level change would cause a change in weight of the displacer, 
which would be detected by the gauge force transducer. Electronics within the gauge would cause a 
servo motor to adjust the position of the displacer and compute the tank level on the basis of the new 
position of the displacer drum. The gauge would display the level in decimal inches. A digital output 
signal would transmit the level data for remote data processing. 

5.4 Cost Identification 

Table 5-1 included the cost associated with the alternatives relative to stabilization, isolation, and 
monitoring. The table included initial costs of installation or implementation and life cycle costs of 
maintenance and operation. Dollar amounts reflect rough order of magnitude (ROM) estimates of direct 
construction and modification costs and were meant for estimation purposes only. The estimates 
contained in this report did not include the cost of engineering, construction management, CHG adders, 
Escalation, contingency, site allocation, and other projects costs. 
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Option #1 Costs 
Pump and stabilize tank 

Remove Tank 

Option #2 Costs 
Pump and stabilize tank 

No Action 
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Stabilization Alternatives 
Base Costs for Stabilization $1,290,000 
Pump tank to remove all remaining liquid. 
Remove equipment (pump, jumper, etc). 
(assumes $20K to pump and $35K to 
remove equipment) 
Excavate perimeter to a depth of 25 feet 
below grade. Remove 100 ton load with 
crane and onto trailer. Relocate and bury 
the tank (1,750 cu. ft). (assumes excavation 
$225K and $290K backfill and $20K 
shoring and tank removal $500K and tank 
relocation $200K 
Base Costs for Stabilization $55,000 
Pump tank to remove all remaining liquid. $55,000 
Remove equipment (pump, jumper, etc). 
(assumes $20K to pump and $35K to 
remove equipment 
Leave Tank in place 0 

$55,000 

$1,235,000 

Install cover to tank 

Option #2 Costs 
Install cover to tank 

Cut lines at tank 

Option #3 Costs 

-~ ~~ ~ ~ ~ ~ 

Isolation Alternatives 
Option #1 Costs I Base Costs for Stabillzatlon I$540,000 
Cut and cap llnes at the tank 1 Excavate penmeter to a depth of 15-20 feet 1 $5 10,000 

below grade. Cut and cap iines. (assumes 
excavation $200K and $250K backfill and 
$60K modification 
Install new cover on tankior modify existing 
cover. (assumes $30K) 
Base Cost for Isolation 
Install new cover on tankior modify existing 
cover. (assumes $30K) 
Locate and cut lines at tank perimeter. 
(assumes excavation $150K and $200K 
backfill and $40K modification) 
Base Cost for Isolation $30,000 

$30,000 

$4 2 0,O 0 0 
$30,000 

$390,000 

Install cover to tank 

No Action 
Option #4 Costs 
Install cover to tank 

Install new cover on tank/or modify existing 
cover. (assumes $30K) 
Leave lines in place 0 
Base Cost for Isolation $590,000 
Install new cover on tank/or modify existing 

$30,000 

$30,000 

Locate and isolate lines at the 
originating facility 
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period) 
Base cost for monitoring $10,000 
Automated and computerized monitoring $10,000 
system. (assumes $10,000 maintenance and 
operation costs) - 
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Item I Description I ROM Estimate 
~ 

Monitoring Alternatives 
Option #1 Costs I Base Cost for Monitoring 1 $54,000 
Manual tape monitoring I $54.000 I Install and periodically operate on manual 

tape monitoring system. <assumes $45,000 
installation and $1,500 per monitoring 

5.0 ALTERNATIVE EVALUATION 

Section 5.0 discussed various alternatives identified in Section 4.0. This section ranked the alternatives 
iccording to the effectiveness, initial costs, and life-cycle costs. The ranking system is based on 
nformation gathered from the appropriate Design Authorities, current safety analysis documents, the 
3perational Summaries for Auxiliary Facilities WHC-SD-WM-SARR-008 Rev.0, (Ryan 1994) and 
irocess and engineering knowledge of the TWRS Project. The capability of each alternative was ranked 
tccording to three criteria: 

1) The effectiveness of the alternative to remedy the issue. A high, moderate, or low 
ranking was subjectively assigned to an alternative to provide a measurement of how well 
the alternative comects the particular issue. A high ranking means that the remedy was 
very effective in correcting the deficiency; a low ranking indicates that the remedy would 
have little or no impact on correcting the deficiency. 

The initial cost of implementing the measure was associated with design, procurement, 
and construction. The ranking of high was assigned to systems/concepts with an 
estimated initial cost greater than $1 million. Moderate was assigned to systems/concepts 
with an estimated initial cost greater than $150,000 and less than $1 million. Low initial 
cost ranking applied to systems/concepts that cost less than $150,000. 

The estimated life-cvcle costs associated with each alternative were the expenditures 
associated with long-term use ofthe systedconcept, as they applied to Project W-521 
only. The designations within this category were subjectively assigned, as the 
systems/concepts life-cycle costs should be negligible (Le., the options were chosen as 
decommissioning alternatives, which by nature should not havelong-term costs 
associated with them). 

2) 

3) 

:he alternatives were compared and quantitatively assigned high, moderate or low ranking for their 
:apacity to accomplish the criteria with respect to effectiveness and cost. The rankings were weighted 
lifferently, a multiplier of 3 for the effectiveness, a multiplier of 1 for initial costs, and a multiplier of 2 
or life-cycle costs. This weighting system was used to provide the best ranking of each alternative with 
espect to decommissioning. The Table 6-1 illustrates the rankings. 

-IND Team Page 13 

D-19 

.. ~...-- 



RPP-7069. REVISION 0 

Option 1 J J J 50 

Option 2 J J J 60 - 
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Table 6-1. Alternative Evaluation Matrix. 

r.O CONCLUSIONS 

iection 6.0 compared and quantitatively assigned values to each alternative identified in Section 5.0. 
rhis section interprets the findings from Section 6.0 and documented the rational associated with 
,electing the best option with respect to stabilization, isolation, and monitoring of 241-Az-151 Tank. 
Uso, this section recommended a path-forward, a combination of the best alternatives from each aspect 
if  initial decommissioning, to be considered the preferred alternative. 

l.1 Stabilization 

'he stabilization option that scored the best was Option 2 (with a score of 60). Option 2 included 
lumping the tank liquid, removing the tank components, and leaving the tank ihn place. Option 2 was 
letermined to be better suited for initial decommissioning as the initial costs would be lower than 
Iption 2. Both Option 1 and 2 would be effective in stabilizing the tank yet the initial costs associated 
vith Option 1, even if the costs were diminished due to prior excavation, would far exceed the cost 
stimated for Option 2. 

IND Team Page 14 

D-20 



RPP-7069. REVISION 0 

REFINE 241-AZ-151 DECOMMISSIONING Report No. 990920203-022, Rev. 0 
September 2000 

7.2 Isolation 

The isolation option that scored the best was Option 1 (with a score of 55). Option 1 included isolating 
the tank by excavating around the perimeter of the 241-AZ-15 1 and cutting and capping the incoming 
lines at the tank. Options 2 and 3 scored well in the initial costs category yet the effectiveness was 
uncertain, as the lines would have to be assumed inactive. Although the assumption, concerning the 
lines inactiveness (see Appendix A), was considered and documented in this study, the option evaluation 
ranked those options that required the lines to be inactive at a lower value. The initial costs associated 
with Option 4 were determined to be higher than Option 1, and the effectiveness rated lower (more 
uncertainty with respect to line leakage into the tank). 

7.3 Monitoring 

The monitoring option that scored the best was Option 2 (with a score of 60). Option 1 included 
monitoring the tank with a simple manual tape (flake-box type) that would protrude through the tank 
cover and be read at an interval to ensure no liquids were present in the tank. Option 1 scored lower in 
the life-cycle cost due to a greater potential and cost associated with maintenance and component 
replacement. Option 2 was determined to be as effective as Option 1 and determined to be less 
expensive due to the ENFL4F current configuration and usability. 

7.4 Recommendation 

As discussed in Sections 2.0 and 2.1, the alternative that scored the best for each action of initial 
decommissioning (stabilization, isolation, and monitoring), was chosen and combined with the best 
alternative for the other actions to form the preferred alternative. The previously stated rational 
combined with the evaluation scoring, provided the basis for the following recommendation. 

The recommendation that resulted from the alternative analysis was to perform initial decommissioning 
as follows: 1)  stabilize the tank by pumping the tank liquid and removing the tank equipment (Option 2); 
2) isolate the tank by excavating around the perimeter of the tank and cutting and capping the incoming 
lines, and installing a weather cover on tank (Option 1); and 3) monitor the tank, upon completion of 
stabilization and isolation, by operating the ENRAF monitoring system currently in place (Option 2). 
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Appendix A 
241-AZ-151 Tank Line Status 
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Appendix B 
Reference Drawings 
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1.0 INTRODUCTION 

Project W-521, Waste Feed Delivery Systems, is installing a diluent and flush system at both the SY 
farm in the 200 West Area and the AW farm in the 200 East Area. These systems will supply treated 
water for in-tank and in-line dilution, pipe preheating, and line flushing for low activity waste (LAW) 
and high-level waste (HLW) transfers including intra-farm transfers, inter-farm transfers, and transfers 
to the Waste Treatment Facility (WTF). The major components of these systems consist of chemical 
tanker offload equipment, a packaged water heater with associated support equipment, metering pumps 
for chemical injection, a static mixing tee, a mixing and storage tank, supply pumps, valves, piping, and 
instrumentation used for monitoring and control. 

During the conceptual design phase of the project, various questions and concerns were raised about the 
capabilities and layout of these two systems. Also, since preparation of the CDR, numerous changes 
have been made to the requirements contained in the Level 2 specification, HNF-4163, Double-Shell 
Tank Diluent and Flush Subsystem Specification. In order to address all of these items, several tasks 
were undertaken as part of the Advanced Conceptual Design (ACD) effort. These included: 1) 
comparing using fuel oil versus an electric water heating system, see Comparison of Fuel Oil Boiler to 
Electric Heating System for Project W-521, Diluent Supply, Rev. 0, Report 990920203-01 2,2) 
optimizing the pad design to minimize accumulation of water and 3) refining the diluent system piping 
tie-ins. 

1.1 Purpose 

The purpose of this task was to investigate the feasibility of using an electric water heater for the 241- 
AW and 241-SY diluent and flush system and to compare the results of this investigation against the 
fuel oil boiler approach in the W-521 Conceptual Design Report (CDR). 

1.2 Scope 

This comparison took the base system proposed in the W-521 CDR and then, reviewed the new Level 2 
Specification HNF-4163 Rev 0 to determine what, if any, requirements had changed for the diluent and 
flush system. Based upon the results of this review and additional information provided by CHG 
personnel (see Section 4), electrical loading calculations were prepared to determine the electrical 
system requirements necessary to provide sufficient capacity to support all functions required of the 
system. Once the feasibility was established, cost evaluations were prepared, and a recommendation of 
the feasibility of utilizing an electric system was then completed. 

2.0 METHODOLOGY 

The approach to completing this task consisted of executing the following activities: 

Determining the flow and temperature requirements for heated water supplied by the diluent and 
flush system for the five different operations identified. These operations are: 
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a 

a 

1.0 

- Waste Transfer Line Preheat, 
- In-line Dilution, 
- Transfer and Line Flush, 
- In-tank Dilution, and 
- Tank-heel Flushing. 

Narrowing the viable alternatives to an oil fired boiler (current baseline) and electric heaters 
through discussions with operations, 

Evaluating each of the two options (diesel boiler and electric heater) for their ability to meet the 
flow and temperature (as well as all other technical and safety) requirements, 

Calculating the required kW, boiler horsepower (BHP) and BTUhr requirement for each of the 
five different operations, 

Determining the power available at the 241-AW and 241-SY facilities to support electric water 
heaters. 

Establishing the cost to provide required upgrades, 

Determining the relative cost of electric heating vs. fuel oil heating, and 

Recommending the most cost-effective solution which meets the technical requirements 
regardless of the heating method. 

ASSUMPTIONS 

The diluent and flush will utilize flush tanks with a capacity to hold enough heated water to perform the 
ollowing functions: 

a 

a 

Waste transfer line preheat (two times the line volume), 

Transfer and line flush (two times the line volume) for 241-AW and (one times the line 
volume of the cross site transfer line piping volume) for 241-SY, 

In-line dilution prior to waste transfer (140 gpm for 30 minutes), and 

In-line dilution (331,200 gallons for 5 days). 

%e electric heaters for the AW tank f m  will be sized based on the in-line dilution requirements. 
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When in-tank dilution or tank-heel flushing requires diluent with flowshemperatures outside the normal 
supply of the electric heater, it will be acceptable to utilize a temporary oil fired boiler to supplement the 
electric heaters. 

4.0 DISCUSSION 

The HNF-4163 Rev 0, Double-Shell Tank Diluent and Flush Subsystem Specification and HNF-4878 
[Draft), Requirementsfor Diluting and Flushing Double-Shelled Tank Systems provided different values 
For water temperature, flow rate and volume for the five different flush operations. In discussions with 
CHG W-521 personnel (including the project design authority), it was decided to use the values in Table 
1-1 for the 241-AW and 241-SY diluent and flush systems. These values were based on reasonable 
Jperating scenarios, the current transfer schedule allowances for unplanned needs, and are consistent 
with operational expectations. 

1s can be seen form the table above, the bounding case for power required when an electric heating 
'ystem is utilized is 2,154 kW. 

)iscussions with Dyncorp and Parsons Infrastructure and Technology Group on the power line capacity 
tudy RPP-6598 (Draft) for up to year 2012 indicates that there is sufficient capacity on the 13.8 kV C8- 
-8 line for 241-AW and the 13.8 kV C8-L4 line for 241-SY to supply power for utilizing an electric 
ieating system. 
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luring the definitive design process, the capability of existing electrical infrastructure, including 
ncoming electrical lines and transformers shall be assessed. Dyncorp and Parsons Infrastructure and 
rechnology Group, and Facility Electrical Engineering shall review and approve the assessment, any 
:alculations, and electrical load design drawings. The design will either not exceed the current electrical 
:apabilities, or provide for and required upgrades. The related facility calculation updates shall be 
:ompleted and addressed as part of the project ABU. 

30th systems (boiler and electric heater) meet all environmental requirements. The electric heater offers 
in advantage over the boiler system in the area of safety, since a significant source of flammable 
naterial (fuel oil tank) can be eliminated. 

LO CONCLUSIONS AND RECOMMENDATIONS 

3ased on the technical cost and safety considerations noted above, an electric heating system for 
:upplying heated water should be incorporated into the W-521 design of the diluent and flush system. 
rhis recommendation assumes the existing specification ("F-4163, Rev. 0) will be modified (or a 
Naiver obtained) to allow the flow and temperature valves discussed in this report to be utilized. 

The following modifications should be incorporated in to the W-521, design for the AW system and the 
stimate adjusted accordingly. 

Two electric heaters rated at 412.5 kW each and a 10,000 gallon flush tank should be provided 
for the 241-AW system. 

The proposed 13.8 kV-480Y/277 V transformer for 241-AW should be resized from 1000 kVA 
to 2000 kVA. 

The 480Y/277V switchgear in the 241-AW ICE building should be resized to 3200 A 

The 241-SY diluent flush system heating requirements should be attained with the installation of 
a additional electric heater and the existing system incorporated into the new design. The 
following modifications should be incorporated into the design for the SY system and the 
estimate adjusted accordingly: 

A new 325 kW heater (plus the two existing 500 kW heaters) and a 20,000 gallon flush tank 
should be provided in the SY system. 

An existing spare 800 A circuit breaker in the 252-SY switchgear should be used for the new 
heater. 

The two proposed 1500 kVA, 13.8 kV-48OY/277 V transformers for 241-SY will have sufficient 
capacity for the diluent flush heating system and should not be modified. 
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The existing controls for the two 500 kVA heaters either require replacement or reprogramming 
as problems were encountered during the operations of the heaters during a recent transfer 
between SY-101 and SY-102. 

INDEECO electric hot water boilers should be procured as to match the existing type of heaters 
at 241-SY to reduce the type of spare parts. 

i.1 cost 

The savings associated with these modifications is shown in Table 5.1 

Table 5-1. Cost 
ELECTRIC HEATERS VI 

.518.489 I 43.400 I -516.633 I -51.156 I ;51.541 I -5578 I -5385 I 41,156 I -5770 I -57,384 I -57.9% I -511.652 

i.0 SUMMARY 

The use of electric heating will meet all technical and safety requirements, reduce the initial costs, 
.educe operational costs, improve the overall system reliability, and best supports Project W-521. 

The drawings listed below have been revised to show this configuration. 

ESW-521-P1, Sht. 2, 
ESW-521-P7, Sht. 4, 
ESW-521-Ml2, 
ESW-521-Ml6, 
ESW-521-E1, 
ESW-521-E3, and 
ESW-521-E4. Sht. 2. 

7.0 REFERENCES 

-INF-4163 Rev 0, Double-Shell Tank Diluent and Flush Subsystem Specification. 

WF-4878 (Draft), Requirements for  Diluting and Flushing Double-Shelled Tank Systems. 

iPP-6598 Rev 0, Reliability, Availability, Maintainability Analysis of the 230 kV Hanford Site 
Transmission System. 
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1.0 INTRODUCTION 

Project W-521, Waste Feed Delivery Systems, is installing a diluent and flush system at both the SY 
farm in the 200 West Area and the AW farm in the 200 East Area. These systems will supply treated 
water for in-tank and in-line dilution, pipe preheating, and line flushing for low activity waste (LAW) 
and high-level waste (HLW) transfers including intra-farm transfers, inter-farm transfers, and transfers 
to the Waste Treatment Facility (WTF). The major components of these systems consist of chemical 
tanker offload equipment, a packaged water heater with associated support equipment, metering pumps 
for chemical injection, a static mixing tee, a mixing and storage tank, supply pumps, valves, piping, and 
instrumentation used for monitoring and control. 

During the conceptual design phase of the project, various questions and concerns were raised about the 
capabilities and layout of these two systems. Also, since preparation of the CDR, numerous changes 
have been made to the requirements contained in the Level 2 specification, "F-4163, Double-Shell 
Tank Diluent and Flush Subsystem Specification. In order to address all of these items, several tasks 
were undertaken as part of the Advanced Conceptual Design (ACD) effort. These included: 1) 
comparing using fuel oil versus an electric water heating system, see, Comparison of Fuel Oil Boiler fo 
Electric Heating System for Project W-521, Diluent Supply, Rev. 0,  Report 990920203-012;) optimizing 
the pad design to minimize accumulation of water and 3) refining the diluent system piping tie-ins. 

1.1 Purpose 

The purpose of this task was to optimize the design for the diluent and flush system containment area, 
through minimizing the accumulation of water. The DST diluent and flush system containment 
structure provides four primary functions: 

Shelters the components and equipment from harmful elements of the weather, 
Provides containment for bulk chemicals, 
Provides a space for the components and equipment in one concise area, and 
Provides safety shower and eyewash stations at the diluent and flush stations. 

1.2 Scope 

The main focus of this task was to refine the design for the diluent and flush system containment area to 
1) minimize the accumulation of water and debris within the sump and 2) provide for easy removal of 
these items from the containment area. This will allow the system to function in a manner which 
minimizes operation involvement, and also minimizes the unnecessary generation of waste. 
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LO METHODOLOGY 

The design for both the SY farm and AW farm diluent and flush systems was reviewed, looking for 
ways to improve the layout and function of the system with the primary focus on the containment 
structure. This effort was coordinated with another task being performed during the W-521 ACD effort, 
which involved comparing the use of fuel oil versus an electric water heating system for the diluent and 
flush system. The revised requirements from the Level 2 Specification were also incorporated. 

4ltematives that were considered included: 

Modifications to the design of the containment structure and drains, 
Use of a roof over the containment area, and 
Incorporation of various waste removal systems. 

3.0 ASSUMPTIONS 

f i e  diluent and flush system at SY farm will utilize an electric water heating system and will have a 
Z0,OOO gallon flush tank (see conclusions of Comparison of Fuel Oil Boiler to Electric Heating System - 
Droject W-521, Diluent Supply, Rev. 0, Report 990920203-012). 

me  diluent and flush system at AW farm will utilize an electric water heating system and will have a 
L0,OOO gallon flush tank (see conclusions of Comparison of Fuel Oil Boiler to Electric Heating System - 
+eject W-521, Diluent Supply, Rev. 0,  Report 990920203-012). 

The requirements in the Level 2 Specification will be waived or modified as discussed in the references 
ibove. 

1.0 DISCUSSION 

The majority of the requirements imposed upon the design of the diluent and flush system are contained 
n HNF-4163, Double-Shell Tank Diluent and Flush Subsystem Specification. The ones that have 
Iotential impact on the layout and design of the containment area are shown in Table 4-1. 
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sodium hydroxide (commonly referred to as caustic soda) at a concentration of 
up to 50 wt % provided by the Double-Shell Tank (DST) Maintenance and 
Recovery Subsystem. 
2. The Diluent and Flush Subsystem shall use concentrated commercial-grade 
40 wt % sodium nitrite (NaNOl) provided by the DST Maintenance and 

IPTIMIZE THE CAUSTIC DILUENT P A D  DESIGN TO MINIMIZE 
’HE ACCUMULATION OF WATER 

Report No. 990920203-020, Rev. 0 
September 2000 

HNF-4163 SECTION 

3.1.2.1.5.a 
3.2.5.2.1.a 

3.1.2.1.5.b 
3.2.5.2.1.b 

3. The DST Diluent and Flush Subsystem shall be capable of unloading the 3.2.1.1 .g 
chemicals identified in Section 3.1.2.1.5. 
4. The Diluent and Flush Station (containing piping, tanks, pumps, etc.) shall 
have adequate containment for unmitigated leaks or spills. 
5. The DST Diluent and Flush Subsystem shall be designed to keep personnel 
exposure as low as reasonably achievable (ALARA) in accordance with RPP- 
PRO-I621 and RPP-PRO-1622. 
6. The DST Diluent and Flush Subsystem shall incorporate occupational safety 
and health design features that comply with the requirements of Tank Farms 
Health and Safety Plan, HNF-SD-WM-HSP-002 and DOE Order 6430.1A. 
7. Safety shower and eyewash stations shall he provided at the Diluent and Flush 
stations and shall comply with Emergency Eyewash and Shower Equipment, 
ANS12358.1. 
8. The containment skid shall be resistive to pressure gradients above and below 

compression, or uplift. 
9. The subsystem shall be designed for the natural environmental conditions 
specified in Natural Phenomena Hazards, Hanford Site, Washington, “F-SD- 

the foundation and shall be capable of preventing failure caused by settlement, 

GN-ER-501. I 
10. The subsystem shall be designed to withstand the natural phenomena 3.2.5.1.b 

3.3.6.b 

3.3.6.1.b 

3.3.6.1.a 

3.3.6.1s 

3.2.5.1 .c 

3.2.5.1.a 

hazards as specified in t.,iprne&rng Drcign and Eiulrrono~r F&P-PRO-097. 
11 .  All concrete u,ork shall meet the 3pplicable design and consnuction I 3 3.l.c .. - 
requirements contained in Building Code Requirements for Reinforced 
Concrete, ACI 318. 

Criteria, DOE Order 6430.1A, Sections 1300-7 and 1323. 
13. The DST Diluent and Flush Subsystem shall be designed for positive 
removal (such as a locked drainage valve) of contaminated liquids and 
uncontaminated precipitation. 
14. The DST Diluent and Flush Subsystem shall comply with “Carriage by 
Public Highway,” “General,” Title 49 CFR 177.834, parts (1)(2)-(5), during 
tanker unloading. 

12. The DST Diluent and Flush Subsystem shall comply with General Design 3.3 

3.3.1.j 

3.3.1.1 

’he key requirements in Table 4-1 that affect the layout of the containment system are 3,4, 12, 13 and 
4. These items were focused on for refining the containment system design. ’ 
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4.1 Requirement 3 

Requirement 3 states that “The DST Diluent and Flush Subsystem shall he capable of unloading the 
chemicals identified in Section 3.1.2.1.5.” Based upon the change from oil fired heaters to electric 
heaters, the revised layouts optimize the load-in connections, located within the containment structure. 
This revised layout also optimizing space for truck access, as well as operator accessibility. 

4.2 Requirement 4 

Requirement 4 states that “The Diluent and Flush Station (containing piping, tanks, pumps, etc.) shall 
have adequate containment for unmitigated leaks or spills.” The CDR provided general containment 
without specific requirements. In discussions with CHG personnel, it was decided to use WAC-173- 
303, Chapter 630, to size the containment structure for the tank storage area and provide “adequate 
containment”. This will provide sufficient capacity for 100 percent of the volume of the largest 
container, plus the additional volume that would result from the 25-year storm of 24-hours duration 
(1.59-in.). The revised design incorporates this criteria, utilizing the assumptions given in Section 3.0 
for tank sizes, as well as the considerations of electrical heaters. 

No specific containment requirements exist for the truck/ chemical unloading areas, which will consist 
of concrete slabs with approximately 4-in. high curbs. These slabs will slope to a drain that drains into 
the containment structure for the tank storage area. 

4.3 Requirement 12 

Requirement 12 states that “The DST Diluent and Flush Subsystem shall comply with General Design 
Criteria. DOE Order 6430.1A, Sections 1300-7 and 1323.” These sections deal mainly with 
confinement and collection systems. The detail required by this requirement will be addressed during 
the definitive design, however, the revised design includes the proper layouts and sufficient capacity to 
meet these requirements. 

4.4 Requirement 13 

Requirement 13 states that “The DST Diluent and Flush Subsystem shall be designed for positive 
removal (such as a locked drainage valve) of contaminated liquids and uncontaminated precipitation.” 
The revised design complies with this requirement through use of a containment basin which drains into 
a sump. This provides an easily accessible location to remove contaminated liquids and uncontaminated 
precipitation. 

4.5 Requirement 14 

Requirement 14 states that “The DST Diluent and Flush Subsystem shall comply with “Carriage by 
Public Highway,” “General,” Title 49 CFR 177.834, parts (1)(2)-(5), during tanker unloading.” The key 
design requirement obtained from this document is that the “the qualified person attending the unloading 
of a cargo tank must have an unobstructed view of the cargo tank and delivery hose to the maximum 
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extent practicable during the unloading operation.” The revised layout of these systems optimizes 
operator access which supports this requirement. 

4.6 General 

The CDR for Project W-521 assumed using the containment sump at Tank 302-C and the containment 
slab installed by W-058 as part of the 241-SY diluent and flush containment system. After performing 
M e r  reviews of this layout, it was decided to not utilize the Tank 302-C sump, as this plan would 
spread any spills into the Tank 302-C containment basin and require additional, unnecessary cleanup 
efforts. The revised layout still utilizes the W-058 slab for supporting pumps and heaters. This slab 
would also drain into the W-521 provided containment structure. 

The current W-521 diluent and flush system design employs a raw water strainer with an automatic 
back-flushing feature. This routine back-flush water is discharged into the containment sump. 
Removing this automatic back-flushing condition by using a manual “duplex” type strainer will help 
minimize the amount of water discharged into the sump. 

Consideration was also given to constructing a roof structure over the new containment areas, as well as 
the existing W-058 slab area at SY farm. This would help minimize the accumulation of unwanted 
debris and rainwater within the containment structure sump. It would also reduce the weather exposure 
received by the diluent and flush system equipment. This consideration was considered appropriate and 
is incorporated into the revised drawings. 

The overall initial cost of this option is expected to increase by $417,842 from the conceptual estimate 
(see Table 4-2). This initial increase is primarily due to the addition of a roof structure, as all other 
optimization efforts resulted in minimal increases or decreases. 

Table 4-2. Cost 

The addition of a roof is, however, considered appropriate from an equipment reliability perspective, a 
waste generation perspective, and a life-cycle operations perspective. 
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5.0 CONCLUSIONS AND RECOMMENDATIONS 

The proposed layout for the 241-SY diluent and flush system is shown on ESW-521-M16. The 
proposed layout for the 241-AW diluent and flush system is shown on ESW-521-M12. Both systems 
include a roof structure over the containment areas to shelter the system components from the weather 
and to minimize the accumulation of rainwater and debris within the sump. The sumps are located 
where they can be easily accessed for cleaning and pumping out of accumulated liquids. A manual 
duplex type strainer was used for back-flushing. 

The 241-AW system will be located west of the AW farm, outside the farm fence and within the old 
Purex exclusion zone. This location has been selected based on proximity to the AW valve pits and the 
space available for the water heater package, storage tank, pumping and instrument enclosures, and 
zhemical off-load equipment. 

The 241-SY system will be located northwest of the SY farm, near the Tank 302-C containment 
structure. It will make use of a portion of the existing system installed by Project W-058. 

6.0 REFERENCES 

"F-4163, Double-Shell Tank Diluent and Flush Subsystem Specification. 

WAC-1 73-303, Chapter 630, Washington Administrative Code Dangerous Waste Regulations. 
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1.0 INTRODUCTION 

1.1 Purpose 

The purpose of this task is to address the issues affecting the baseline design for mixer pumps procured 
by W-521 and provide basis for any changes to the technical or cost baselines established in the CDR. 

This evaluation will propose an optimum size, number and arrangement of mixer pumps in the eight 
Project tanks while minimizing Project costs. 

1.2 Scope 

Certain criteria and critical parameters associated with the Project W-521 procurement specification for 
mixer pumps were evaluated. The current Project W-521 baseline design concept is four 150 hp mixer 
pumps per tank for double-shell tanks (DSTs) AY-101 and AY-102, and two 300 hp mixer pumps per 
tank for the balance ofthe DSTs in the Project (SY-101, SY-102 and SY-103, AW-101, AW-103 and 
AW-104). 

This evaluation’s key objectives were to: 

s Verify the minimum requirements related to performance and physical and environmental 
characteristics; 

s Ensure the applicability of the mixer pump baseline concept to the DSTs in the scope of Project 
W-52 1 ; 

s Provide an overview of the experience gained and lessons learned from computer modeling and 
similar past tank mixing results at the principal sites; 

Examine the origin of the effective cleaning radius (ECR) determination technique to ensure the 
applicability holds for the situations encountered in the DSTs within Project W-521; 

Determine if the proposed CDR pump arrangement is optimal; 

Examine the feasibility and advisability of providing two reduced dimension (outer diameter) 
300 hp mixer pumps for the AY tanks; and 

Make recommendations on changes to the procurement specification and drawings, and 
suggested follow-up project activities which result from the results of the above evaluations. 

s 

s 

s 

s 

There are four 34-in. inside diameter (ID) risers in each AY DST located equally spaced on a 22-foot 
radius (with respect to the tank center). The implication has been that the per-tank mixing effectiveness 
of four 150-hp pumps will equate to a mixing power equivalent of two 300-hp pumps. A principal 
driver for conducting this evaluation was to determine whether lower horsepower mixer pumps or a 
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fewer number of mixer pumps can be utilized to effectively mix the Project W-521 tank waste. The 
concern originates with the inability to insert the available (baseline) 300 hp mixer pumps which require 
a 42411. ID riser into the 34% ID risers of the 241-AY DSTs. The 300-hp mixers were developed for 
Project W-151, and will be used by companion Project W-211 in the 42-in. ID DST risers. 

There is an emergent additional concern. Project W-523 is tasked with sluicing the contents of single 
shell tank (SST) 241-C-104 (C-104) into DST 241-AY-101 (AY-IOl), preferably through an existing 
sluice pit in AY-101. In this scenario, a transfer pump installed by Project W-521 would supply 
supernatant waste from the central pump pit to a booster pump installed in the AY-101 01E sluice pit 
then transfer the supernatant to the sluice nozzle(s) in C-104. Provisions would also be made at 01E to 
receive the material sluiced from C-104. If Project W-523 cannot access an existing sluice pit, a new 
pit, and associated equipment, may be required (estimated cost of $3-5 million). 

If deprived of one of the available sluice pits, Project W-521 would then have to mix the contents of 
AY-IO1 either with three small asymmetrically located 150 hp pumps, or with two 300 hp pumps 
located symmetrically opposed. A 150 hp mixer design compatible with 34-in. risers is available and is 
the standard at the Savannah River Site (SRS). Currently, a 300 hp mixer design compatible with 34-in. 
risers is not available. 

2.0 METHODOLOGY 

The process followed in the conduct of this work included the following activities: 

a 

a 

0 

a historical review of pertinent existing literature and comparative experience was performed, 
identification of specification issues associated with mixer pump technology was made, 
the formulation of a technique which permits correlation of the ECR and pump brake horsepower 
(BHP) required, and was prepared, 
contacts with vendors with recent experience in the fabrication of mixer pumps with potential 
application to the Project were made. 

A brief description of each of these activities follows 

2.1 Historical Review 

Records about mixer pump development and deployment into the field are rich with documentation 
applicable to the topic of the Project W-521 mixer procurement specification. The available references 
span the range of test reports describing the development effort, sample analysis campaigns and results, 
modeling results reports and bibliographies containing comprehensive lists of applicable documentation. 
In addition, the preliminary results of the Project W-15 1 initial full-scale test were evaluated for 
potential impacts to Project W-521. 
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Sluicing a tank is a process of exposing the settled material, mobilizing the settled material with jets of 
liquid, and then pumping out the mixed fraction to a second receiver. Often the second receiver 
provides the source of the sluicing or mobilizing liquid. This process is repeated, removing the mixed 
fraction to expose the unmixed portion, mobilizing the unmixed portion until well mixed, removing the 
mixed fraction and so on. 

Mixer pumps mobilize the material using the resident liquid fraction, or that portion which is pumpable, 
through oscillating high velocity, submerged jets. Once mobilized the material is transferred to a second 
receiver with a transfer pump. There may be multiple mixer pumps and each may utilize single or 
multiple jets from each volute. Although a single jet mixer pump could exist, it is advantageous to 
oppose multiple jets to offset hydraulic forces the jets create on the mixer pump column. This is the 
configuration required by Shaw 2000a “Net Positive Suction Head Available Analysis for Phase I Waste 
Tanks.” 

The focus on and preference for mixer pumps may well have originated at the SRS, where there is a very 
high water table and where, in the 1970s, there was a developing concern for the long term integrity of 
their storage tanks. The goal at that time was to move both salt and sludge waste from tanks with 
suspect long-term integrity to newer type double shell tanks. Based on their own testing and experience, 
long shaft centrifugal pumps were selected to mix the waste in preparation for the transfers. Mixer 
pumps would not add water and consequently would minimize the risk to the environment. 

The same is true at Hanford. While mobilization using liquid jets (sluicing) has been successfully 
demonstrated (most recently reported in Bailey 2000, “Waste Retrieval Sluicing System (WRSS) and 
Project W-320. Tank 241-CV-106 Sluicing Lessons Learned”), mixer pump technology has been 
retained as the method of choice. 

2.2 

Project W-521 used as its early baseline for mixer pumps the baseline in place for Project W-211. In 
continuing the development of the baseline for Project W-521 it was considered appropriate to compare 
the scope of the project to the new requirements for mixer pumps which have only recently been 
approved in the Level 2 Specification (Shaw 2000b). The requirements for mixer pumps applied by 
Project W-211 evolved somewhat differently, having their origin within the functional requirements for 
the Project W-15 1 mixer pump performance demonstration on tank AZ-101. The question the design 
team attempted to answer is “Do the new requirements fit well within the scope of Project W-521 and 
within the originally assumed context of the W-211 requirements?’ 

The minimum requirements related to performance, physical, and environmental characteristics are 
contained within the mixer pump Level 2 specification (Shaw 2000b). This task has concentrated on the 
applicability to Project W-521 of the foregoing specified characteristics. 

CDR Preliminary Procurement Specification Review 
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2.3 Analytical Correlations 

The baseline from the Project Definition Criteria for Project W-521, Waste Feed Delivev Systems 
(Weaver 1999) for mixing the contents of the AY tanks is four 150 hp mixer pumps. The Savannah 
River site has experience with 150 hp mixers in 20 weight percent sludges producing ECRs of 25 ft. 
The primary Hanford experience, that relates to Project W-521, with producing ECRs in resident sludges 
is with two 300 hp mixer pumps (Project W-151). These pumps were designed for installation into 42 
inch risers. They will not fit in the 34-in. risers available in AY tanks. The Project Definition Criteria 
(PDC) assumed that four 150 hp pumps, having the same total horsepower as two 300 hp pumps, would 
provide equivalent mixing. Two alternative correlations are derived in this evaluation to verify this 
assumption. These are: 

A review of modeling techniques by Pacific Northwest National Laboratories (PNNL) has also been 
included in this report for derivation of the equations used in the analysis. 

2.4 Vendor Contacts 

Estimate the ECR that can be expected in Hanford sludges at the reduced (150) horsepower, and 

Estimate the brake horsepower needed to achieve a given ECR. 

To determine the feasibility of obtaining a mixer pump that will fit the 34 inch risers and be capable of 
an ECR that will sweep the entire tank, discussions were held with both Sulzer Bingham Pumps, Inc. 
(Sulzer) and Lawrence Pumps, Inc. (Lawrence). Tank elevation and plan views were forwarded to both 
Sulzer and Lawrence for their use in developing the concept. Additional information applicable to the 
characteristics of the tank contents was also compiled and forwarded for their use. After their review, a 
meeting with Sulzer personnel was conducted at ARES to discuss their findings and the potential 
options (Brackenbury 2000, " W-521 Advanced Conceptual Design Report-Reduced Diameter Mixer 
Pump Concept for 34-in. ID Risers ”). The Lawrence contacts were conducted in a series of telephone 
interviews. 

3.0 DISCUSSION 

3.1 Mixer Pump Historical Review 

The subject of mixing tank waste has been studie~ ~ y the operators of the govepnent nuclear complex 
for decades and reported on in depth (e.g. Shaw 1992, Waters 1994 and Powell 1997). The applicable 
literature contains examples of studies and experimental result reports applicable to nearly every 
conceivable method of agitation. 

Sluice jets (free jets or “past practice” technology) and mixer pumps (submerged jets) have generally 
been the method of choice to mobilize tank waste. 
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3.2 Sluicing Versus Mixing 

Sluicers add water to the tank inventory (sometimes reported as high as 16: I), process sludge slowly, 
require close coordination of sluicer streams to hit the sludge from different angles, are prone to failure 
at their flexibility locations, bring with them process complications, and must be coupled with an 
adjacent tank to provide a destination for mobilized wastes. Mixer pumps are self-contained in that they 
must only be installed and energized. Because they generally mobilize the sludge faster and bring with 
them reduced risk, mixer pumps have become the preferred method when the schedule permits. 

At Hanford the concept of two 300 hp mixer pumps was formulated in support of the preparatory 
activities for the Hanford Waste Vitrification Project (HWVP). Early planning called for the mixing of 
the neutralized current acid waste (NCAW) contents of 241-AZ-101 (AZ-lOl), batching this material 
through 241-AR vault, forwarding the batches to B Plant for pretreatment, and then passing a portion of 
the pretreated waste on to HWVP for vitrification. A functional design criteria for installing and 
demonstrating a mixing system in AZ-101 and conducting a “retrieval system process test,” was 
completed in 1989. The specified equipment for this process test was two 300 hp mixer pumps and 
instrumentation to monitor the pumps’ performance and effectiveness. The goal of the process test was 
to achieve 90 percent mobilization of the contents of AZ-101. This performance goal was based on the 
modeled performance of a two-pump system used by the PNNL in 1/121h scale studies. 

Lack of sludge characterization data continues as the greatest obstacle in predicting the effectiveness of 
a multiple pump mixer system. A correlation between mixer pump jet conditions and sludge shear 
characteristics has been developed and demonstrated through scale testing. Preliminary evaluation of 
recent full-scale test results appears to confirm correlations. However, detailed analysis remains to be 
performed. 

3.3 Comparative Experience 

3.3.1 

Successful field demonstration has the ability to be much more convincing than modeling or analysis. 
With the apparent successful completion of the process testing of the two 300 hp mixer pumps in 
AZ-101 reported in Carlson 2000, “PreIiminaV Test Report, 241-AZ-101 Mixer Pump Test,” some 
ability to corroborate previous modeling and analysis has become possible. 

U,D is the product of the velocity of the mixer pump jet in Wsec and the diameter of the jet in feet, and 
is how the size or power of a jet is characterized. The U,D of the AZ-101 mixer pumps at rated speed is 
29.4 ft2/s and the ECR achieved was 37.4 ft. The ECR was determined by monitoring changes in the 
temperature in the waste and in the insulating concrete under the tank bottom. Preliminary evaluation of 
measurements during the testing indicates the mixer pumps were successful in mobilizing settled solids 
from at least 95 percent of the tank bottom and could maintain solids in suspension while operating. 

The AZ-101 process test is not necessarily representative of results that can be expected when mixing 
the deep sludges most problematical to Project W-521. Sludge depth at test conditions was shallow, on 
the order of 1.5 ft., unlike conditions in the AY tanks, and the mixer pump nozzle location was placed at 
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or just above the liquidsludge interface. Both of these circumstances are nearly ideal to achieve 
success. In addition, the discharge jet and the waste disturbed during the operation of the pumps was not 
able to be observed to determine their behavior, especially at the extremes of effectiveness, the regions 
of most interest. The fact remains, however, that this test comprises the bulk of available Hanford field 
data and decisions concerning the specified U,D and expected ECR are promising, but not conclusive. 

3.3.2 Savannah River Site 

Mixer pump testing has been conducted at SRS since the mid-l970s, beginning first with tests in a half- 
tank mockup. A shallow, one-half section of a full tank was used to demonstrate the mixing 
effectiveness of slurry simulants composed of kaolin and water. A 150 hp mixer pump was operated for 
a specified time and the liquid component of the mixture was then removed to reveal the unaffected 
simulant. The distance from the mixer pump nozzle exit to the base of the unaffected material (the 
ECR) was then measured. These half tank tests indicated that the ECR is directly proportional to the 
product of the jet velocity at the nozzle exit and the nozzle diameter (U,D). It was also determined that 
the proportionality constant for the equation was dependent on the properties of the sludge simulant. 

Based on the tests conducted in the half tank it was concluded that these 150 hp pumps (U,D of 
-12.75 ft2/s) would produce an ECR of 20 ft. in the waste tanks at SRS. Half tank testing led SRS to 
predict that 85 percent of the waste could be removed using five such pumps. In actual practice the tank 
was cleaned to a 98 percent condition using just three such pumps. This result indicated that further 
definition of the cleaning mechanism was required; but that effective waste mobilization is possible with 
smaller mixer pumps. 

The results also seemed to confirm the proportionality between the ECR and the U,D observed in the 
half tank tests, although the proportionality constant was different. It has been speculated by researchers 
that the difference is likely due to the difference in the waste characteristics. Project W-521 can expect 
that waste characteristics will have similar effects on mixer pump ECRs as well. 

3.3.3 

In preparation for mixing and then removing the contents of the Melton Valley Storage Tanks, testing 
was conducted on scale models of the 60 ft. long 12 fi. diameter horizontal cylindrical tanks. 
Submerged sluicing jets were used (Hylton, et al. 1995). The physical configuration was markedly 
different and the waste simulant employed had considerably less yield stress than what is anticipated at 
Hanford, therefore the results are considered not comparable to testing or analytical results at either SRS 
or Hanford. 

3.3.4 West Valley Demonstration Project 

At the start of their cleanout campaign, West Valley Demonstration Project (WVDP) had one tank 
containing sludge material. This site has since mobilized the sludge, emptied the tank, and vitrified the 
material. In preparation for this task, scaled mixer pump testing was conducted in a 1/6 scale mockup to 
determine the number of mixer pumps that would be required. The simulant utilized was formulated of 
kaolin and water with a shear strength similar to that measured in the actual tank. Testing seemed to 
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ndicate that as many as five mixer pumps would be required to mix the contents (Schiffauer, et al. 
985) primarily to ensure that all the sludge could be accessed by the mixer pump jets. 

NVDP did not report on the correlation between the measured ECR and the mixer pump U,D. The 
,peculation is that obstructions present in the tank (columns between floor and ceiling, and gridwork on 
he floor) were potentially more limiting to the success of the mobilization effort than the effectiveness 
)f the energy created by the jet described by it’s U,D. That the correlation was not reported is 
lnfortunate because of the similarity the obstructions located in the WVDP tank have with obstructions 
ocated in AY-101 and 102. 

Capacity 
(mm) 

Nozz. Dia. 
fin.) 

1.4 

1 comparison of key mixer pump parameters demonstrated in actual field operations is provided in 
:able 3-1. 

Summary of Key Mixer Pump Parameters 

SRS Hanford 
Tk16H Quad. (AZ-101) INEEL ORNL WVDP 
1200 4000 10,400 No Data Not applicable. No Data 

These tanks 

arrangement. 
2 @ 1  % 4 @ 3  2 @ 6 have dissimilar . 

\ ,  

Speed(rpm) 
Motor 

Horsepower 
U$ (ft2/S)(]’ 

ECR (ft.) 

I 

1760 2200 1200 

150 300 300 
- 

12.75 -20 29.4 
25‘2’ 40‘2’ 37.4”’ . 

1ND Team 
~~~ 

Page 7 

(3-13 



RPP-7069, REVISION 0 

MIXER PUMP ANALYSIS TO SUPPORT 
PROCUREMENT SPECIFICATION PREPARATION 

Report No. 990920203-018, Rev. 0 
September 2000 

3.5.1 Performance Requirement Issues 

Following is a discussion of the Level 2 specified requirements for mixer pumps and the concerns which 
arose from the specification. 

3.5.1.1 Jet Configuration and Characteristics 

Submerged liquid jets (mixer pumps) are the preferred method for accomplishing the specified waste 
preparations. Testing has shown that the ECR is directly proportional to the nozzle velocity times the jet 
diameter (U,D). Scale testing supports the specification of twin jets operating 180 degrees opposed with 
a U,D value of 29.4 ft2/s as being effective on Hanford sludges of 10 kdynes/cm2, a conservative value. 
This has recently been successfully demonstrated during the full scale AZ-101 mixing process 
verification. 

The Level 2 specification stipulates a UoD value of 29.4 ft2/s for pumps. The requirement implies that 
meeting this parameter will result in an ECR that will mix the tank contents to a homogeneous mixture 
(another requirement of the Level 2 Specification). However, the Level 2 Specification, and some of the 
other literature on mixing effectiveness, does not address the fact that the nozzle shape and 
characteristics of the flow stream leaving the nozzle are critical parameters in maximizing the ECR. 
One study mentions that an improperly shaped nozzle can reduce the ECR by as much as 50 percent; 
however the study does not establish what constitutes a properly shaped nozzle. 

Nozzle designs can be varied to produce discharges that range from highly focused flow that has a great 
degree of momentum in a direction axial to the discharge (such as might be used for long distance fire 
fighting) to a flow that diverges immediately upon exiting (such as can be seen in some types of 
sprinklers). Maximization of the ECR means achievement, to the highest degree possible, of the focused 
flow. An Optimal configuration is ajet discharge that is straight, only slowly diverging, and non- 
swirling while maintaining a U,D of at least 29.4 ft2/sec. 

The problem is compounded by the fact that accommodating the prescribed UoD value necessitates a 
relatively large diameter pump. Due to this, mixer pumps that have typically been used at Savannah 
River and Hanford are configured with a nozzle that is little more than an orifice plate. Standard nozzle 
design would configure a nozzle with a length that is several times longer than the nozzle discharge 
diameter. Since the typical nozzle has a diameter of 6 inches, that two opposing nozzles back-to-back 
could fill an entire 42-in. riser leaving no room for the pump. In lieu of having optimal nozzle length, 
two primary parameters remain to be optimized: 

1. The shape of the orifice nozzle bore is important to the pressure drop across the orifice as well as 
the flow characteristics of the discharge. This should be addressed in definitive design either by 
specifying an orifice shape in the pump procurement specification or by requiring the pump 
manufacturer to make a nozzle that meets particular flow characteristic or momentum 
requirements. 

HND Team Page 8 

G-14 

. . ~ .,. . .. .. ... 



RPP-7069, REVlSION 0 

MIXER PUMP ANALYSIS TO SUPPORT Report No. 990920203-018, Rev. 0 
PROCUREMENT SPECIFICATION PREPARATION September 2000 

2. 

3.  

4. 

5 .  

3.5.2 

w 

The pump casing shape and flow characteristics should be optimized because they can have a 
significant effect on the characteristics of the flow discharging from an orifice-type nozzle. High 
levels of turbulence in the casinglvolute will exacerbate the diverging discharge problem (and 
reduced ECR) discussed previously. 

Commission PNNL to extend the correlation that established UoD to include definition of nozzle 
jet flow characteristics needed to achieve the desired ECR. 

Commission a pump company (Le. Sulzer, WEMD, or Lawrence) to develop concepts and 
establish parameters for optimization of the pump casingholute to generate the best possible jet 
flow. 

Revise the mixer pump procurement specification to specify the characteristics resulting from 
items 1 and 2, above. 

Net Positive Suction Head Available (NPSHA) vs. Required (NPSHR) 

The Net Positive Suction Head Available (NPSHA) is to be derived from RPP-5585 Shaw 
2000a, '<Net Positive Suction Head Available Analysis for Phase 1 Waste Tanks." 

The waste temperature is specified as 50 - 220°F. 

The pump is to be capable of pumping with only 3 ft  of submergence. 

With this criteria, RPP-5585 shows that at 220 F the NPSHA is less than 10 Et. At full speed, where the 
specified UoD is achieved, mixer pumps are expected to have Net Positive Suction Head Required 
(NPSHR) of approximately 24 ft. or greater (see Attachment A for a discussion of this assumption). 
Fundamentals of physics and pump technology make it clear that these two requirement extremes (3 ft. 
and 220 F) cannot exist at the same time. Per RPP-5585 (Shaw 2000a), the high vapor pressure 
associated with elevated waste temperatures dramatically reduce the NPSHA. At 212 F with only 3 ft. 
>f submergence the resulting NPSHA is approximately 6 A. This difference between available and 
required net positive suction head would create excessive cavitation in pumps. It should be noted that 
iigh cavitation would only occur when the tank level is fairly low (a small percentage of the time) since 
3t higher tank levels the head of waste above the pump suction would increase the NPSHA. 

The 3 ft. submergence requirement, with the high flow rate required (approximately 10,400 gpm with a 
5-in. nozzle) creates a high potential for vortexing at the pump suction. Air entrainment resulting from 
vortexing can be harmful to pump components and can diminish pump performance. 

To resolve the issues associated with NPSHA and waste temperature, the actions described below are 
zcommended. 

t An estimate should be made of the amount of time that a mixer pump could be required to 
operate with an NPSHA less than the NPSHR. 
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8 Pumps should be designed to have gradually degrading discharge head characteristics during 
conditions where NPSHA is less than NPSHR. The pump procurement specification should 
combine this cavitation response with the requirement that the pump be robustly designed to 
achieve design life with intermittent periods of cavitation. 

Pumps should be designed for “low” NPSHR by opening up the impeller eye, and other actions. 
However, this can cause problems in terms of pump vibration if the actual NPSHA is much 
higher than that specified. Thus, an evaluation should be performed to determine the “most 
reasonable” NPSHA value to supply to the pump manufacturer. This should be done in 
conjunction with the above mentioned items. 

The possibility of slowing the pump down during low tank levels should be evaluated. This 
action should be possible since initial tank mixing is expected to require considerably more 
energy than maintaining homogeneity of the waste mixture. It is only during the final stages of 
tank transfers (after the contents have been mixed) that the lowest NPSHA is expected. 

The pump specification should be modified to require the design to address vortexing. 

8 

8 

8 

3.5.3 Physical Characteristic Issues 

The Level 2 Specification acknowledges the requirement for installing reduced diameter mixer pumps in 
that it requires designs capable of installation in both 42-in. and 34-in. diameter risers. The maximum 
diameter of components below the mounting flange for pumps installed in 34411. risers is specified as 
31-in. The Project W-521 PDC stipulated that in each AY tank, four 150 hp pumps would be 
installed-ne each in each of the 3441-1. sluice risers. 

The feasibility of procuring a 300 hp pump with a UoD value of 29.4 ft2/s that would fit in a 34411. riser 
was assessed. This evaluation concluded that several significant benefits exist if two 300 hp pumps can 
>e used in the AY tanks. Examples include: 

D Cost savings to Project W-523 that was proposing to install a new pit on tank AY-IO1 for sluny 
return from tank C-104 sluicing activities instead of using one of the sluice pits, 

Project W-521 costs will be reduced by eliminating the procurement and installation of four 
mixer pumps (two for each tank) including indexing devices, water supplies, monitoring and 
control, 

b 

D Project W-521 costs will be reduced by eliminating the need to remove and dispose of one 
transfer pump and one booster pump from an AY-102 sluice pit, and 

Operations will be simplified and standardized by consistently using a two pump arrangement. B 
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Through discussions with pump vendors, a high level of confidence was gained that 300 hp pumps that 
will fit through a 34-in. riser can be supplied with the 29.4 A2/s UoD value desired (see Section 3.7). 

Early in definitive design, it is recommended that a pump company be commissioned to build a working 
model of a 3 1-in. diameter pump unit. The following actions are recommended to verify the feasibility 
of providing a reduced diameter 300 hp mixer pump: 

0 

e 

Verify the smaller diameter design concept, 
Establish NPSH requirements and pump head degradation characteristics, 
Develop concepts and establish procurement specification parameters for optimization of the 
pump casingholute to generate the best possible jet flow, and 
Test pump suction configurations to minimize vortexing at low tank levels. This can help 
establish operating parameters for all mixer pumps. 

Results of this feasibility evaluation should be incorporated into the mixer pump procurement 
specification. 

3.6 Analytical Correlation 

3.6.1 TEMPEST Modeling 

The TEMPEST code is a three-dimensional time dependant code that simulates flow, mass and heat 
transfer, and chemical reactions analyzed simultaneously. The code has previously been applied to 
Hanford double shell tanks AP-102, SY-101 and SY- 102, AZ-101, AY-102 and C-106 to model tank 
waste mixing with rotating jets, gas rollovers and waste transfers from one tank to another (Onishi 1999 
and Whyatt 1996). In this work, TEMPEST permitted the accurate prediction of waste behavior under 
the effects of various mixer pump horsepower. 

PNNL recently completed a study in which the contents of 241-AN-105 (to be transferred to 241-AP- 
102/104) were modeled to determine the effectiveness of a single central pump in mixing its soluble 
contents. Several cases were studied, with various dilution, dissolution and initial conditions assumed. 
The results are reported in Onishi 1998. The model results indicate that a 300 hp pump with rotating 6- 
in. diameter, 60 ft/s jets (UoD equals 30 ft2/s) centrally located in 241-AP-102/104 can suspend the 
slurry and keep it in suspension within at least 94 percent uniformity over the entire tank. 

It should not be assumed that all tanks will experience the same mixing effectiveness. Such factors as 
material shear stress, waste depth, and pump nozzle design can dramatically impact tank mixing. Thus, 
the collection of improved waste rheology data will provide improved confidence in the model results 
that are used for waste retrieval planning. 
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1.6.2 

The minimum ECR required for a 75 ft. diameter tank using four pumps is approximately 27 ft. as 
ihown in Figure 3-1 and defined by the tangential point at the tank inside for the cleaning radii. The 
iorsepower required to achieve this ECR is dependant on the shear strength of the resident sludge and is 
:alculated in Section 3.6.3. 

Determination of ECR Required in Tanks AY-101 and AY-102 

=27' 

Figure 3-1. Four Pump Combination Effective Cleaning Radius. 

Nith the potential loss of one sluice pit (01E) from tank AY-101 to Project W-523 the possibility of 
itilizing only three mixer pumps was investigated and is shown in Figure 3-2. Note that when there are 
hree pumps in sluice pits located on tank quadrants, the two mixers offset/opposed at 180 degrees must 
:over the entire tank. The third pump does little to assist in reaching the area under sluice pit 01E. A 
ninimum ECR required of the three pumps is 44 A. 
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Figure 3-2. Three Pump Combination. 

'he installation of two mixers opposite each other, the baseline case for all tanks other than AY tanks, is 
hown in Figure 3-3. This case offers hrther confirmation that the third mixer is redundant. The same 
iinimum ECR of 44 ft is required in this configuration. 

Figure 3-3. Two Pump Combination. 

is concluded that AY tanks can be best mixed with the two or four pump configuration located in the 
uice pits. As discussed in section 3.5.2, considerable cost savings can be realized as well as integration 
i th an interfacing project if two pumps can be made to operate within the space available. 
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5.6.3 Mixer Pump Cleaning Radius and Brake Horsepower Correlation 

Jsing the wealth of literature available on the subject it is possible to develop correlations to estimate 
he ECR which could be expected from mixer pumps of differing horsepower. Conversely, it is possible 
o determine the horsepower required for differing ECRs. However, there are uncertainties in this 
:orrelation and the predicted ECR (or the horsepower required to effect it) and it is only to be used for 
:onceptual design guidelines. Testing during definitive design analysis will refine these calculations to 
)e able to specify an appropriate pump. 

The most straightforward method relates pump horsepower (BHP) and ECR by their common variables 
low velocity and area, or dimensions of the jet. (Development and origin of the ECR calculation below, 
ncluding the shear strength exponent, is discussed later in more detail.) 

The key equations to permit this correlation are: 

ECR = k VD T." (Powell 1997), and (1) 

BHP = (V)(AM448.8MH)(SG) (Cameron Hydraulic Data, lSth ed.) (2) 
3960 (eff.) 

Where ECR 
BHP 
SG 
k 

V 
D 

n 
A 
H 
eff. 

7 

ECR of the jet, feet 
Brake horsepower 
Specific Gravity 
Proportionality constant determined by testing = various 
(dimensionless) 
Velocity of the jevdischarge, Wsec 
Diameter of the nozzle, ft 
Sludge shear strength, Ib/ft2 
exponent determined by testing, unitless 
Flow area, f? 
Discharge head, ft of water 
Pump efficiency, 0.66 (conservative estimate) 

n the previously mentioned PNNL 1/121h scale test (including scaled airlift circulators), waste 
:haracterization data was meager and NCAW properties were estimated, based upon observation, to 
lave a shear strength of about 10,000 dynes/cm2. Sludge simulants were prepared that measured 4000 
o 17,900 dynes/cmz. The ECR correlation recommended by PNNL following,these tests is: 

ECR = k U,D T ~ . ~  (3) 

where ECR = ECR of the jet, meters 
k 
U, 

= Proportionality constant determined by the experimental tests to be 1730 
= Velocity of the jet discharge, meters/second (referred to earlier in paragraph 2.2 as 

V) 
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D = Diameter of the nozzle, meters 
T = Sludge shear strength, dynes/cm2 

A critical review of the 1987 results was conducted by PNNL in 1991 during which the test run time 
was acknowledged as a significant variable and should be included. A new correlation was created as 
follows: 

(4) 0 26 ECR = k U D  T - ~ . ~ ~ ~  t, 

where ECR = ECR of the jet, meters 

(Powell 1991) 

k 
U. = Velocity of the jet discharge, meters/second 
D = Diameter of the nozzle, meters 
T 

t, 

= Proportionality constant determined by experimental tests to be 1095 

= Sludge shear strength, dynes/cm2 
= Cumulative mobilization time, hours 

rhese preliminary correlations were proposed based upon limited testing with simulants. They were 
iseful for predicting data but had not been compared with data from an actual waste tank. With the 
:ompletion of the mixer pump process testing in AZ-101 it is now possible to compare predictions with 
actual results. Using the following, the calculated ECR (32.2 ft) compares favorably with the results 
neasured in the tests (37.4 A): 

ECR = k U a  T ~ . ~ ~  (Powell 1997) (5) 

where ECR = ECR of the jet, centimeters 
k 
U,D = Jet velocity times jet diameter, 27,300 cm2/sec (29.4 ft2/sec) 
‘T 

= Proportionality constant, 3 or 4 depending on desired conservatism 

= Sludge shear strength, dynes/cm2 

tecent guidance in determining the retrieval efficiencies of high-level waste (HLW) tanks (Crawfor 
1999) supplements both the actual (field) experience, provided in Table 1, and the experimental data 
xported in Powell (1997). This guidance was generated with an interest in establishing the quantity of 
3LW that can be extracted during retrieval of each feed batch, and thus the total number of HLW 
:anisters of glass that can be expected. Crawford (1999) recommends that future calculations utilize 
:quation (4) above with a proportionality constant of 3 .O to determine the ECR for HLW sludge. 

’rovided with this guidance, solving equations (1) and (2) for their common variable (U,D) and then 
;etting them equal to each other yields the parameters of interest. 

jolving equations 1 and 2 in terms of velocity: 

U,= BHP 13960) eff. 
(A) 448.8 (H) (SG) 
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U,= ECR (T- ' .~~)  

k(D) (SG) 

Zquating the two velocity terms allows cancellation of the SG term. 

jubstituting for U, yields: 

3Hp = ECR0.46xAM448.8)(H) 
(k)(D)(3960)(eff.) 

3CR = BHPIKMDM3960Meff.) 
(~'.~~)(A)(448,8)(H) 

iubstituting known variables yields: 

~ H P  = ECR ( ~ ~ . ~ ~ ) ( 1 . 2 1 ) ,  or 

X R =  BHP 
21)  

Where the units are expressed as: 

(7) 

(9) 

BHP = Brake horsepower, hp 
ECR = f? 
T = lb/A2 

Variables: k = 3 
D = 0.5 ft 
Eff = .66 
T = lb/ft2, varies 
A = 0.196 A2 
H = 54 f?, calculated W-151 pump parameters 

'igure 3-4 provides a graphical representation of the estimated correlation between ECR and BHP for 
arious waste shear stress values. 
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BHP (t =4) 
BHP (t =7) 
BHP (t =IO)  
BHP (t =20) 
BHP (t =30) ..... 

1 = 1 (in lbffl2) 

0 5 10 15 20 25 30 35 40 45 50 

ECR (in feet) 

Figure 3-4. Brake Horsepower versus Effective Cleaning Radius. 

n the calculation of the ECR required to mobilize 90 percent of the contents of AZ-101 the sludge shear 
trength has been customarily taken as 10,000 dynes/cm2 (21 Ib/ft2) and may be considered to be at or 
ear the worse case. Recent sample analyses of the niaterial in C-104, destined to be transferred to 
LY-101, shows the highest shear strength measured to be 8.2 Ib/ft2 (O'Rourke J999). Using these two 
alues to bracket the range ofpotential material conditiolis for the four mixer pump combination shown 
I Figure 3-1, the horsepower requirements are shown in Table 3-2. 
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Brake horsepower 1 86 hr, 

Table 3-2. Four Pump Arrangement (27 ft ECR). 

132 hv 

AY- 10 1/102 1 

Shear stress ( 7 )  I 'c = 8.2 lb/ft2 T = 21 lblf12 

I 

I Brake horsepower I 138 hp 213 hp 

issuming the worst case (highest shear strength) conditions and the uncertainty in predicting the ECR, 
he four pump arrangement drive motors would appropriately be specified to be 150 hp. This provides 
onfirmation of the PDC assumption. The two/three pump arrangement drive motors would be specified 
o be 300 hp. The ECR required to retrieve 90 percent of the tanks is about 41 ft. 

t.7 Vendor Contacts 

.7.1 

lulzer expressed confidence in building a successful reduced diameter (31 inch) 300 hp mixer pump 
iith a U,D equivalent to the available 300 hp 42-in. compatible mixers (29.4 A2/sec) (Appendix A). 
ilthough the bowlhydraulic design for such a mixer concept exists, Sulzer bas not built one, but one 
ias proposed to the SRS. Sulzer recommends a design study and model testing on an iron prototype 
lode1 (at an estimated cost in the $100K range). They estimate an impeller (pump) specific speed of 
000-4500, a capacity of 10,400 gpm and a net positive suction bead (NF'SH) requirement of 
pproximately 24 ft. Sulzer also stated that a multistage unit would also not be out of the question, in 
rder to generate higher head at a reduced diameter. 

ulzer indicated that a major concem with respect to ECR is straightening the flow in the vicinity of the 
o v l e  exit in order to produce a coherent jet. Testing of the model unit could be used to validate the 34- 
I., 300 hp concepts, optimize the NF'SHR requirements, investigate nozzle and casing designs for jet 
ow characteristics, and test vortexing at the pump suction at the high flow, l o p  submergence 
onditions. See Appendix A for more discussion on this subject. 

er Sulzer estimations, a reduced diameter design pump would probably cost about the same as the 
Z-101 (42-in.-compatible) mixer pump. Most ofthe cost is in the column and column-related 
smponents, and there would be little physical difference between the 42-in. and 34-in. pumps in this 
rea. 

Reduced Diameter Mixer Pump Feasibility 
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Lawrence Pumps was also contacted to determine their interest in developing a conceptual design for 
mixer pumps suitable for the 34-in. risers. Lawrence was provided with the same tank plan and 
elevation views and fluid characteristics as were provided to Sulzer. Discussions with Lawrence are 
also continuing. Lawrence has expressed early optimism for accomplishing the task with a reduced size, 
modestly increased speed impeller and, because they originated the concept, have mentioned the option 
of utilizing the gas-filled column pump design. 

Both Sulzer Bingham and Lawrence have expressed confidence in their ability to supply mixer pumps 
that will fit the smaller 34-in. risers and still generate mixing energy equivalent to the 300-hp machines. 
In the case of AY-101 and 102, the presence of in-tank obstructions will absorb some mixing jet energy 
that will impact the end result. 

In addition to the above design details to be researched, the seal design of the pump should be specified 
to be effective at reduced speeds. Project W-211 has determined that the seal used in the baseline design 
begins to lose its effectiveness at approximately 60 percent of full speed. A turndown of at least four to 
one should be the goal. That is, the seal should be able to effectively seal the volute from the pump 
column while the pump is operating at one quarter speed. 

4.0 CONCLUSIONS AND RECOMMENDATIONS 

Based on the discussion and the analysis contained in Section 3.0, the following recommendations are 
made. 

Mixer pumps should be retained as the Project W-521 baseline method of choice for mobilizing, 
suspending, blending and mixing the contents of the Project's tanks. The Project has the option of 
selecting from several mixer pump types for a tank-specific application as the design phase evolves and 
the staging strategy matures. 

Maintain one pair of 300 hp mixer pumps per tank, including the AY tanks, as the baseline for Project 
W-521. Design, fabricate and test prototype 34-in. diameter mixer hydraulics early in the design phase 
to verify the UoD. Various site comparable testing and operations seems to back-up the correlation 
between ECR and the jet UoD. Based upon this, preliminary calculations can reasonably support this 
decision. 

A pair of reduced diameter 300 hp mixer pumps in AY-101 and AY-102 should be installed in sluice 
pits 01C and 01E. This approach avails sluice pit 01B in AY-101 for use by W-523, and avoids sluice 
pit 01D in AY-102 which is encumbered with the sluice transfer pump utilized'in the clean out of C-106. 
The Project costs estimate benefits from this approach in that the 01B and 01D sluice pits in both AY- 
101 and AY-102 do not have to be entered. The design media and estimate should be revised to reflect 
these changes. Calculations and historical data support the use of smaller pumps to achieve the desired 
ECR. 
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The procurement specification should address the requirement for the pump manufacturer to investigate 
the design of the nozzle and shaping of the jet by optimizing the design of pump casing ( i t .  
straightening vanes) and nozzle(s) exit from the volute. Prototype reduced diameter mixer hydraulics 
should be tested during definitive design to demonstrate the approach proposed by the vendor to address 
shaping of the jet. 

Reducing the diameter of the pump bowl or volute to accommodate the reduced diameter riser will 
reduce the space available to straighten and control the exiting jet. Previous mixer pump specifications 
did not place any requirements on the exiting jet flow characteristics other than U,D. Poor nozzle 
design will result in swirl or nonaligned flow, negating some of the pump jet(s) effectiveness out near 
the maximum ECR. A design activity should be pursued to enlist a pump manufacturer(s) analysis, 
modeling, and testing of pump casings and nozzles. 

Specification of a U,D of 29.4 ft2/s and a variable speed control should be retained to ensure mixing 
effectiveness conservatism is built-in. This should be combined with clear delineation of the flow jet 
characteristics. Despite the apparent success in linear scale up of lab scale ECR results to full scale field 
work, uncertainty still exists in attempting to predict full scale ECR in actual tank waste. Since the full 
range of waste material properties which may exist have not been encountered in the field, and the broad 
range of mixer pump performance parameters which may be required have not been tested, contingency 
measures must be considered. In addition, appropriate conservatism can be applied in the pump design, 
both in the specification of available jet energy (U,D) and in the control over operating speed. 

To resolve the issues associated with NPSHA and waste temperature, the following actions are 
recommended: 

a Estimate the amount of time that a mixer pump will be required to operate with an NPSHA less 
than the NF’SHR, 

Word the pump procurement specification to combine cavitation response with the requirement 
that the pump be robustly designed to achieve design life with intermittent periods of cavitation, 

Perform an evaluation to determine the “most reasonable” NPSHA value to supply to the pump 
manufacturer, 

Evaluate the possibility of slowing the pump down during low tank levels to decrease NPSHR, 
and 

Review the pump specification and operational requirements against sdch expected results as the 
shadowing effect of components in the tank during mixing. 

a 

a 

a 

4.1 Cost 

The cost reduction associated with the reduction from four to two mixer pumps per tank in 241-AY 
tanks is shown in Table 4-1. 
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Table 4-1. Cost 

I I I I I I I I I I r J 
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Sulzer described their operations and location of major facilities. It was of interest to participants 
that there is precedence for forming a purchasing alliance with some buyers (in the petroleum 
industry for instance) wherein a priced order agreement is entered and pumps are purchased as 
necessary by the buyer. These arrangements are known to last 3-5 years. W-211 Project personnel 
stated that they had discussed forming such an alliance but found it was not possible due to the 
inability to fund it. (W-211 has no outstanding contract for pumps. They are due to go out for bids 
for pumps again, with a performance-based specification, in about a year.) 

The W-151 Project purchased three mixer pumps (two plus a spare) and the W-211 Project has 
purchased two. All use seals manufactured by John Crane. These have a lower speed limit of 60% 
of full speed that is a source of concern. A better goal would be something like 25%. 

Sulzer expressed confidence in building a successful reduced diameter 300 hp mixer pump with a 
U,D of 29.4. Although the bowlhydraulic design for such a mixer concept exists, Sulzer has not 
built a reduced diameter mixer of this capacity before. Sulzer proposed such a machine to the 
Savannah River Site (SRS) and left ARES a copy of their SRS proposal. They would recommend a 
design study and model testing on an iron prototype model (at an estimated cost in the $100K range), 
an impeller (pump) specific speed of 4000-4500, 10,400 gpm capacity with a net positive suction 
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head (”SH) requirement of approximately 24 A. Sulzer indicated that one major concern is 
straightening the flow in the vicinity of the nozzle exit. 

A multistage unit would also not be out of the question, in order to generate higher head at a reduced 
diameter. 

The 24 ft NPSH required raised concerns over the available value (various sources range from 12 ft . 
19 A). It was suggested by Sulzer that too conservative of NPSHA specified causes the impeller eye 
to be opened up thereby causing suction recirculation and vibration if NPSHA values are much 
higher than that specified. Project W-521 should evaluate to assure that values specified are 
reasonable. 

Sulzer stated that a reduced diameter design would probably cost about the same as the AZ-101 (42 
inch-compatible) mixer. Most of the pump cost is in the column and there would be little difference 
in this part of the pump. 

Sulzer stated that they had looked briefly at reducing the diameter of their conventional quad-volute 
design and found that it was challenging to achieve the dimensions compatible with 34-inch ID 
risers. They believed it might be easier to make a tri-volute work. The problem is with getting the 
turning vanes required to straighten the flow and shape the jet into the reduced diameter volute. 

Sulzer reminded the participants that the performance of impellers in this specific speed range does 
not abruptly disappear as NPSH diminishes but instead gradually wanders, “like a drunk”, toward 
less and less discharge head. The importance of recognizing this, as the specifications are prepared, 
was stressed. It is quite possible to expect performance to continue throughout the limited (5000 hr) 
life of these units at NPSH values less than the 24-ft case. Loss of performance due to diminished 
submergence (swirling and air entrainment, or mining cavities in viscous sludges) is more likely and 
should also be of concern. Sulzer would expect this to occur at a submergence of something like 2/3 
the height of the bowl. In the case of this reduced diameter mixer the bowl would be 30-40” in 
height. 

It was suggested that model testing be performed for the first unit to refine the redesigned pump-end 
and establish minimum submergence versus pump speed criteria. 

The importance of nozzle configuration was discussed with respect to the effect of the discharge jet 
characteristics on the ECR. It appears that the pump manufacturer should be required to optimize 
and test their nozzle design in the pump specification. 

Sulzer indicated they will take another look at the bowl end of their reduced diameter configuration, 
proposed for SRS, as further confirmation that it would be suitable for the application. They also 
indicated that they will look further at the modified quad-volute to see if there was a chance of 
making it work. Sulzer will contact ARES during the week of August 71h with the results of their 
additional evaluation. 
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1 In addition to the reduced diameter SRS mixer proposal, Sulzer also left copies of crossections of 
their quad-volute configuration. 
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1.0 SCOPE 

This specification provides requirements for the procurement, packaging, and shipping of mixer pumps 
for the Project W-521, Waste Feed Delivery Systems. 

1.1 Work Included 

Design, fabrication, assembly, testing, and delivery of Mixer Pumps each with support column, 
mounting flange, and drive motor is included in the scope of this specification. 

1.2 Work Not Included 

Design and delivery of interconnecting power, control and instrumentation cabling beyond the mixer 
pump cable supporUjunction boxes, variable frequency drive, and water supply services (e.g., for the 
flush) beyond the mixer pump connection points is not included in the scope of this specification. 
Design and delivery of vertical indexing system is also excluded. 

2.0 APPLICABLE DOCUMENTS 

The following documents form a part of this specification to the extent indicated in the referenced 
drawings and documents. The latest edition with addenda shall be used unless noted otherwise. 

2.1 Non-Government Documents 

2.1.1 

b 

2.1.2 

b 

2.1.3 

e 

2.1.4 

b 

American Concrete Institute (ACI) 

349 

American Gear Manufacturer Association (AGMA) 

390.03A Gear Classification Handbook. 

American National Standards Institute (ANSI) 

B46.1 

American Petroleum Institute (API) 

Standard 610, Seventh Edition Centrifugal Pumps for Petroleum, Heavy Duty Chemical, and Gas 
Industry Services. 

Code Requirements for Nuclear Safety Related Concrete Structures. 

Surface Texture (Surface Roughness, Waviness and Lay). 
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2.1.5 

e 

e 

2.1.6 

e 

2.1.1 

0 

2.1.8 

e 

e 

2.1.9 

e 

American Society of Mechanical Engineers (ASME) 

Section IX 

B & PVC 

B30.20 Below-The-Hook Lifting Devices. 

B31.3 Process Piping. 

ANSI Series Engineering Drawings and Related Documentation Practices. 

American Society for Nondestructive Testing (ASNT) 

SNT-TC-1A Recommended Practice. 

American Society for Testing and Materials (ASTM) Standards 

A 380 

Boiler Pressure Vessel Code. 

Boiler and Pressure Vessel Code. 

Cleaning, Descaling, and Passivation of Stainless Steel Parts, Equipment, and 
Systems. 

American Welding Society (AWS) 

D1.l Structural Welding Code-Steel. 

QC 1 

Factory Mutual System(FM) 

Approval Guide. 

Standards for AWS Certification of Welding Inspectors. 

2.1.10 Hydraulic Institute (HI) 

1.6 Centrifugal Pump Tests. 

1.1.11 National Electrical Manufacturers Association (NEMA) 

M G I  Motors and Generators. 

t.1.12 National Fire Protection Association (NFPA) 

70 National Electric Code (NEC). 
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..1.13 Underwriters Laboratories (UL) 

508 Safety Industrial Control Equipment. 

i.0 TECHNICAL REQUIREMENTS 

1.1 Item Definition 

'he major items that makeup the mixer pump assembly to be provided by the Supplier are as follows: 

a. Pump, including impeller, volute casing, and suction strainer, 

b. Drive motor, 

c. Mixer Pump mounting flange with a radiation shield plug, 

d. Support Column, 

e. Turntable/rotation mechanism with appropriate adapter flanges, 

f. Nozzles (these may be integral with the pump casing), 

g. Pump casing flush and associated supply line, 

h. Suction inlet sparge ring and associated supply line, and 

i. Column water supply and drain lines, if required. 

1.1.1 Item Diagram 

h e  mixer pump assembly and its interface with the waste tank are shown in Figure 3-1. The figure 
dentifies major items comprising the mixer pump assembly referred to in section 3.0. Other items 
.hown are for clarity only. 
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Figure 3-1. Typical Mixer Pump Configuration. 
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1.1.2 Interface Definition 

a. The Double Shell Tank (DST) Mixer Pump System shall provide a connection capable of 
providing water at a flow rate of 2 140 gal/min at 40 psig to sluice nozzles located below the 
pump suction in order to remove sludge and settled solids from below the pump to facilitate 
pump installation, aid pump start-up after periods of inactivity, and add bulk dilution water. 

b. The DST Mixer Pump System shall provide a connection capable of providing water at a flow 
rate of 2 140 gal/min to the pump suction area in order to remove sludge and settled solids from 
below the pump to facilitate pump installation, aid pump start-up after periods of inactivity, and 
add bulk dilution water. 

c. The DST Pump System shall provide a connection capable of providing water at 2200 gal/min to 
the pump cavity to enable flushing of the pump cavity to clear accumulated solids and internal 
flushing for decontamination at end of life. 

d. The DST Pump System shall provide a connection capable of providing water to fill the pump 
column and the mechanical seals if required by specific pump design. 

e. Pump-mounted instrumentation with signals shall terminate above the mounting flange. 

f. The pump shall provide a 20 ft electrical lead originating from the motor terminal box suitable 
for 460V 3-phase power. 

1.2 Characteristics 

vlixer pumps will be installed with a crane, lowered vertically into an existing underground radioactive 
vaste storage tank. The tank is approximately 47 A high and 75 A in diameter, and contains 42-in. 
liameter or 34-in. diameter riser flanges for pump installation. 

1.2.1 Functional Characteristics 

a. The fimction of the mixer pump is to mix sludgehalts that have settled on the tank bottom with 
liquid within the tank in order to aid in dissolving soluble salts or achieve a homogenous mixture 
of tank contents. The mixer pump speed will be controlled by a Variable Frequency Drive 
(VFD) located up to 550 ft away from the pump, and its operating speed will be adjusted to suit 
conditions. 

b. The mixer pumps suction will intake from the bottom of the pump and discharge horizontally 
through two opposing, nozzles at an elevation of approximately 15-in. from the tank bottom. 
The entire pump assembly may be indexed above this level; but the indexing system is not to be 
provided by the pump manufacturer. Rotation of the nozzles (or entire assembly) is required to 
“sweep” the entire bottom. 
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c. Each mixer pump shall provide two jets, 180" opposed, with velocity-nozzle diameter product 
(U,D) that is a minimum of 29.4 ft2/s (2.73 m2/s) at 100 percent speed with a minimum impeller 
submergence of 3 ft (91 cm). The center of the discharge nozzle shall be <TBR> inches above 
the lowest point on the pump suction. 

L2.2 Physical Characteristics 

a. The pumps shall be installed in a 42411. nominal diameter riser; the maximum diameter of pump 
components below the mounting flange shall be limited to 39-in. 
OR 

b. The pump shall be installed in a 34-in. nominal diameter risers, the maximum diameter of pump 
components below the mounting flange shall be limited to 31-in. 

c. Mixer pump components located above the mounting flange shall not extend more than 24-in. 
radially from the pump centerline in order to be compatible with the disposal system design. 

d. Overall mixer pump length shall be as specified on drawing <TBD>. 

e. A radiation shield plug shall be installed around the mixer pump column to minimize radiation 
streaming through the riser (see Figure 3-1). Details for the shield plug configuration are 
contained in drawing <TBD>. 

f. The maximum outside diameter of all assembled components below the mixer pump-mounting 
flange shall not exceed 3941. in diameter or 31-in. diameter based on detailed information to be 
provided by the Buyer. During mixer pump removal, the mixer pump assembly, excluding the 
turntable assembly, will be drawn (lifted) into a receiver bagging assembly that will allow the 
pump to be sealed inside the bag. Mixer pump components above the mixer pump-mounting 
flange shall not exceed 48411. in diameter. 

g. Maximum mixer pump assembled weight, (the load placed on the tank dome), including the 
motor and the turntable assembly, shall not exceed 28,000 lb. 

h. The pump turntable assembly shall be located above grade. The mixer pump turntable and drive 
motor shall be capable of operation in both clockwise and counterclockwise directions to a 
minimum of 180 deg. 

The mixer pump assembly and turntable will be bolted on a support platform supplied and 
installed by the Buyer. All mixer pump components below the mounting flange must fit through 
the support platform riser. Details for the shield plug configuration are contained in drawing. 
<TBD>. Details for the shield plug configuration are contained in drawing <TBD>. 

The pump column (if required by design) shall be drainable. 

i. 

j. 
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k. Pump cavities that are in contact with liquid waste shall be fully drainable without requiring 
direct personnel contact and accessible for flushing and/or remote decontamination. 

1. Pump System shall contain waste leakage below the pump mounting plate and direct any 
potential leakage back into tanks. 

m. Mixer pump components, including pump seals, shall be capable of performing their intended 
functions from 25 % to 100 % rated full speed. Zero in-leakage is allowed into the pump column 
when pump is idle or operating. 

n. Pump seals or other design features upon failure shall not provide a pathway for tank waste 
liquids or gases to the environment. 

0. The DST Mixer Pump shall not exceed the following demand for strained raw water. Filtering to 
- <5 micron at the mechanical seal (if required by design) is part of pump design. 

Supply pressure = 80 lbflin2 gauge. 
Flow rate = 5 gal/min. 

p. Pumps shall be provided with lifting bails. Lifting bails and any special yokes or spreaders shall 
be provided that enable handling of the mixer pump in the horizontal and vertical positions, 
while allowing insertion of system into the DST. 

q. Mixer Pumps shall be capable of being lifted to an upright position from a horizontal position by 
a crane from a single point on the mounting flange end without damage to the pump or its 
components. 

r. Lifting lugs or eye bolts for handling shall have a safety factor of three based on yield strength or 
five based on ultimate strength, whichever is most conservative. 

s. Pumps shall be provided with a sparge ring (spray ring) near the pump suction. This ring shall 
be configured in a manner that will loosen and move sludges away from the pump suction during 
pump installation. Capability shall be provided, via a flanged connection, to deliver water to the 
sparge ring at a flow rate of 140 gpm -=TBR> with a supply pressure of <TBD> lb/in2 gauge. 

t. The Mixer Pump shall provide means of internally flushing the pump bowl or volute to reduce 
internal contamination levels before or during pump removal from tank, Pressure drop from the 
supply water connection to the pump casing shall not exceed 10 psig. Water will be supplied at 
the pump mounting flange according to the following minimum parameters: 

Supply Pressure = 40 psig and 
Flow Rate = 200 gal/min. 
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u. The power supply to the mixer pump motor and the turntable VFDs shall be 480 VAC, 3-phase, 
60 Hz. The Supplier shall verify that the pump motor is compatible with a Cutler Hammer 
SV9000 VFD. 

v. The mixer pump motor, if not of submersible design, shall be a vertical type and shall be 
designed to satisfy National Electrical Manufacturers Association (NEMA) Chapter MG-1. 

w. The mixer pump motor shall be equipped with a variable speed drive. Pump and motor shall be . _ _  
capable of extended operation at pump speeds ranging from 100 rpm to lOo./o design speed 
<TBR>. 

x. A VFD shall be supplied by the Buyer to control rotational speed of the Supplier supplied gear 
motor on the turntable assembly. The rotational speed shall be adjustable from 0.05 to 0.2 
rev/min shall power the mixer pump turntable drive. The turntable and the motor point of 
contact shall have a gear guard installed to withstand the tank environment. 

y. Electrical equipment enclosures shall be as a minimum National Electrical Manufacturers 
Association (NEMA) Trpe 4, per NEMA ICs 6 .  

z. Electrical grounding shall be provided for all Mixer Pump System electrical systems in 
accordance with the National Electrical Code (NFPA 70,1999). 

aa. Electrical materials and equipment shall be UL or FM tested, with label attached, for the purpose 
intended, whenever such products are available. Where there are no UL or FM listed products of 
the type, testing and certification shall be approved by the Buyer’s Technical Representative. 

bb. The Mixer Pump System shall provide fixed, non-rotating, environmentally protected field 
terminations for all power and signal connections that comply with applicable Nafional 
Electrical Code and standards. 

cc. The system shall comply with electromagnetic radiation emission requirements <TBD>. 

dd. The DST Mixer Pump System shall include sensors/instrumentation to provide remote readout of 
the following parameters: bearing temperature, pump vibration, motor stator winding 
temperature, turntable rotation and orientation, discharge nozzle pressure, sweep speed, 
revolutions per minute, and motor amperage <TBR>. Revolutions per minute (rpm) shall be 
measured by a dedicated mechanicaVelectrical device; VFD output will NOT be allowed as the 
speed-measuring device. 

ee. A drain hole shall be provided on the turntable assembly, if the desigdassembly of the turntable 
is such that it may collect rainwater or snow. 
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1.2.3 Reliability 

a. Mixer Pumps, including the turntable assembly, shall be designed for 5,000 hours of operation 
over a 1 0-year period, including repeated operational cycles with multiple starts/stops. 

1.2.4 Maintainability 

a. Components located within pump pits or below the mounting flange shall be designed for no 
preventive or corrective maintenance during the design life, other than flushing or bumping. 

b. Components located above the mixer pump mounting flange shall be designed for limited 
contact maintenance. 

c. The Supplier shall provide written recommendations of operational practices such as bumping 
and flushing to maximize useful life. 

d. Pump column shall not be equipped with relief valves, rupture disks, or any other device that 
requires periodic inspection or maintenance. 

1.2.5 Environmental 

a. Mixer pump components located below the mounting flange shall be designed for the radiation 
fields and cumulative radiation exposure indicated in Table 3-1. 

- Table 3-1. Bounding Radiation Fields and Cumulative Radiation Exposure 
~ 

10 Year Cumulative Exposure 
(rad) Source Tank Radiation Field (Radlhr) 

LAW Tanks 500 2.5 x lo6 
HLW Tanks 1000 5.0 x 10' 

b. Components in contact with tank waste shall be designed to perform their intended functions in 
the chemical environment shown in Table 3-2. 

Table 3-2. Mobilized Slurry Composition 
Constituent I Concentration @) 1 

NaOH 
NaAI02 0 to 2.0 
NaN02 0 to 3.0 
NaNO, 0 to 4.0 
Na2C03 0 to 0.5 
NalPOI 0 to 1.0 
Na2S0, 0 to 1.0 
NaF 0 to 0.2 
Total Na' 6 5  

0 to 2.5 (generally 1.0) 
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c. Mixer pump system components shall be designed to operate in tanks with waste constituents 
having the following fluid properties: Note: This table will be expanded to reflect the waste 
property values of initial and re-fill conditions in each tank. 

Note: 95% of total particles 0 to 50 microns GBR>.  
~ 5 %  of total particles 50 to 500 microns <TBR>. 
4% of total particles 500 to 4000 micron <TBR>. 

d. System components shall be fabricated using materials compatible with waste solutions as 
specified above. 

e. Mixer pumps shall be designed to operate with a minimum of <BD> ft Net Positive Suction 
Head (NPSH) available. -=TBR> 

f. The system shall be designed to withstand natural phenomenon hazards listed below <TBD>. 

g. If a submersible pump is provided, the pump shall be capable of operation, with no detrimental 
effects to the motor, with the motor operating in air (not submerged). 

1.2.6 Safety 

a. The top 8-in. of lifting attachments shall be painted yellow. 

b. Mixer pump shielding shall be designed to keep personnel exposures as low as reasonably 
achievable (ALARA). <TBR> 

c. Mechanical tooling, equipment, and materials (including lubricants, adhesives, gaskets, corrosion 
inhibitors, epoxies, etc.) used inside of the pump pit that are in communication with the tank 
dome vapor space shall be constructed of spark-resistant material, or shall be rendered incapable 
of sparking with sufficient energy to combust flammable gases occumng within the tank vapor 
space, or shall have been analyzed and evaluated to be incapable of sparking with sufficient 
energy to combust flammable gases occumng within the tank vapor space under the applied 
conditions. All components shall comply with Class 1, Div. 1, Group B environment for 
submerged components and Class 1, Div 2, Group B for all other parts below the flange per 
National Fire Protection Association Chapter 70 (NFPA 70). 
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1.3 Design and Construction 

1.3.1 General Design Requirements 

a. The mixer pump shall meet the applicable design, fabrication, the highest degree of dynamic 
balancing, and testing requirements contained in American Petroleum Institute (MI) 61 0. 

b. Designs should simplify cut-up, dismantlement, removal, and packaging of contaminated pumps 
for final disposal as radioactive mixed waste. 

c. The mixer pump shall be designed to minimize the net positive suction head required. 

d. The mixer pump shall be designed such that gradual reduction in head occurs as cavitation 
increases. The pump shall be designed to withstand intermittent periods (i.e. 40 hours 
cumulatively) of cavitation and still achieve its desired design life. <TBR> 

e. The pump design shall minimize internal and external cracks, crevices, and hold-up to facilitate 
pump cleanup for disposal. 

f. Internal voids below the maximum waste level shall either be flushable, pressurized, filled, or 
sealed to minimize the pump’s source term of radioactive material at end of life. 

g. All welds that will be in contact with waste shall be designed to eliminate crud traps. <TBR> 

h. The DST Mixer Pump System support foundations shall be designed in accordance with the 
American Concrete Institute standard ACI 349. 

System components shall be designed to withstand the shock and vibration environments during 
normal transportation. 

The equipment design shall minimize the time required to physically disconnect, remove, and 
replace the mixer pump. 

i. 

j. 

i.3.2 PartsMaterialslProcesses 

1.3.2.1 Material Requirements 

a. Metal Components: All metal components in contact with the process fluid should be the 
manufacturer’s standard 300 series stainless steel or other Buyer-approved material. The pump 
shaft should be hardened 400 series stainless steel or 17-4 PH stainless steel. Any welded 
component in contact with the process fluid should be constructed of 304L/316L stainless steel. 
Materials used for pressure boundary parts, fasteners, and rotating members, including the 
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impeller and shafting, shall be new, conform to ASTM or ASME standard specifications, and be 
provided with Certified Material Test Reports (CMTRs). 

b. Nonmetal Components: All nonmetallic components located below the mounting flange will be 
submitted for evaluation by the Buyer as to suitability for the radiation environment. Selection 
of nonmetallic components for requirements other than radiation are the Seller’s responsibility. 
Components shall be compatible with waste characteristics as described in Table 3-1, 3-2, 
and 3-3. A supplier’s certificate of conformance of the non-metallic components used in 
fabrication is required. 

c. Brass, bronze, and copper base materials, if used, shall not come in contact with the waste tank 
fluid or vapor. The use of aluminum is not acceptable. 

1.3.2.2 Fabrication 

a. The mixer pump column and auxiliary supplyldrain piping and piping connections and shall be 
welded and inspected in accordance with ASME B3 1.3. Other non-pressure-retaining mixer 
pump components shall be welded in accordance with ASME B3 1.3 or AWS D1 .l ,  as 
applicable. 

b. All pump structural connections that require welding shall be welded in accordance with 
American Welding Society (AWS) D1.1. 

c. Welder Qualification: All personnel performing welding shall be qualified to ASME B3 1.3 or 
AWS D1.l, as applicable. ASME Section IX qualifications may be substituted for ASME 
B31.3. 

1.3.2.3 Spare PartdSpecial Tools 

a. Seller shall furnish two sets of special tools unique to Seller’s equipment that are necessary for 
installation, startup, operation, maintenance, and adjustment of the mixer pump. (Note: only 
two sets of tools are required for entire order, not two sets/pump). 

8.3.3 Cleanliness 

a. The inner and outer surfaces of the pump shall be cleaned removing all foreign matter such as 
grease, oil, dirt, tape adhesives, weld splatter, and other contaminants. , 

b. Mechanical cleaning tools used on stainless steel shall not have been previously used on carbon 
steel or any other materials that would contaminate stainless steel surfaces. 

c. Wire brushes used for cleaning shall be stainless steel. 

d. Grinding wheels used for cleaning shall be resin-bonded aluminum oxide. 

XND Team Page 12 
~ 

G-49 



RPP-7069, REVISlON 0 

DVANCED CONCEPTUAL DESIGN PROCUREMENT Report No. 990920201-012, Rev. OA 
'ECIFICATION FOR WASTE MOBILIZATION MIXER PUMP September 2000 

e. Cleaning solutions shall not contain halogenated compounds. 

f. Grinding or machining of stainless steel shall be done with tools that have never come into 
contact with carbon steel. 

g. The edges of exposed components shall be rounded so that no sharp edges or burrs are present. 

h. Material Handling: Clamps, wedges, temporary clips, and other small items that are welded or 
mechanically fastened to stainless steel shall be made of stainless steel only. AAer removal of 
temporary attachments welded to the pump, the surface shall be ground flush and dye penetrate 
tested. It is acceptable to use high-strength carbon steel clamping devices such as machine chuck 
jaws provided they pass ASTM A 380, paragraph 7.2.5.1, test for evidence of carbon steel 
contamination. If carbon steel contamination is evident, the surface shall be ground, and the test 
shall be repeated until the contamination is removed. 

Surface Finish: Surface finishes of pump components below the riser flange shall be a 
codbenefit analysis at detail design by the project. All surfaces exposed to the waste fluid shall 
be free of pits; scratches, gouges, and sharp weld ripples that could entrap solids. Surface 
roughness shall be determined in accordance with ANSI B46.1. If mill surface finish on 
materials meets this requirement, then surfacing is not required. 

i. 

3.4 Corrosion of Parts 

a. Stainless steel components do not require painting except as needed for identification or for 
targeting. Paint used on stainless steel shall be epoxy-phenolic. 

3.5 Protective Coatings 

a. Painting: All carbon steel shall be painted to the Seller's standard practice. All paint shall b 
suitable for chemical duty and exposure to outside environmental conditions. 

b. Exposed carbon steel surfaces above the riser flange shall be painted gray with epoxy paint. 

3.6 Interchangeability 

a. All like equipment and parts shall be interchangeabldstandardized to the maximum extent 
practical. 
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1.3.7 Nameplate 

a. Mixer pumps shall be provided with a stamped stainless steel tag with the following data: 
manufacturer’s name, manufacturer’s paditem number, drawing number, year manufactured, 
and specification number and revision(s). 

b. Motors shall be provided with a stamped stainless steel identification tag in accordance with 
NEMA NG - 1 requirement. 

c. The mixer pump identification tag shall be visible after pump installation. 

1.3.8 Qualification 

a. Each mixer pump shall be tested for hydraulic and mechanical performance, vibration response, 
and other special testing as called out in Hydraulic Institute Standards. A test plan shall be 
written by the Supplier and provided to the Buyer for approval prior to test performance. 

b. Capability shall be demonstrated to lift the mixer pump assembly and lower it allowing straight 
vertical insertion into the DST. 

c. The Buyer shall provide design and test data for the pumphozzle configuration to verify that jet 
flow is optimized (Le. non-swirling, diverging) to assure that the desired cleaning radius can be 
achieved. (TBR> 

8.3.9 Document Submittal 

8.3.9.1 General Requirements 

a. All submittals shall include this specification number, item number, PO number, and Seller’s 
identification number on all submittals. 

b. Data shall be sufficiently clear to allow legible copies to be made on standard reproduction 
equipment after microfilming. 

c. Approval by the Buyer does not relieve the Seller of responsibility for accuracy or adequacy of 
design under this specification. 

d. Submittals “not requiring approval” will be reviewed to verify completeness and adequacy for 
their intended purposes. 

e. A Submittal that is not approved is identified as “Not Approved, Revise and Resubmit.” The 
submittal is considered technically deficient, or incomplete, and therefore unacceptable. 
Resubmittal is required; hence fabrication, procurement, or performance of procedures shall not 
proceed. 

~ 
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f. Submittals “not requiring approval” that are determined to be incomplete or inadequate will be 
returned marked “Resubmit.” An explanation of the deficiencies will be included for corrective 
action by the Seller. Fabrication or other seller processes may proceed at the seller’s risk. 

3.3.9.2 Submittals Required 

a. Quality Assurance Program (Approval -Prior to contract award). 

b. Fabrication Drawings (Approval - Prior to Fabrication). 

c. Test Plan (Approval - Prior to completion of Fabrication). 

d. Maintenance and Operations Manual (Approval - Prior to final shipment). 

e. Seller shall provide a list of special tools furnished, identifying the function of each tool and the 
specific items(s) for which it is used. Seller shall also indicate whether the tool is required for 
assembly, disassembly, installation, start-up, operation, maintenance, or adjustment (Approval - 
Prior to final shipment). 

f. Nondestructive examination inspections shall be recorded and included with the Final Design 
Report (Approval - Prior to final shipment). 

g. CMTRs shall be provided for all metal materials supplied by the seller (Approval - Prior to 
pump shipment). 

h. Written recommendations of operational practices, such as bumping and flushing, to maximize 
useful life shall be provided with the Final Design Report (Information Only - Prior to design 
approval). 

i. A Recommended Spare Parts list shall be provided with the Final Design Report. Determination 
of spare parts shall be based on the documented mean time between failures of components 
(Information Only - With Final Design Report). 
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4.0 QUALITY ASSURANCE REQUIREMENTS 

4.1 General 

The Seller shall have in place a Quality AssuranceiControl Program that assures that the fabrication and 
testing of the product are performed in accordance with the Sellers established procedures. These 
procedures shall be such as to ensure that the construction and fabrication of the product meet the 
quality, functional, and operational requirements specified in this specification and those called out on 
the approved drawings. 

The Sellers program shall be submitted for approval in accordance with the requirements set in the 
Submittal Section of this specification and the Contract Documentation. 

4.1.1 Responsibility for Verification 

a. The Supplier shall be responsible for performance, inspection, and documentations of tests, 
personnel qualifications, and other submittal information required in this specification in 
accordance with the Supplier’s Quality Assurance Plan. 

4.1.2 Verification Methods 

a. The system design shall be verified to RPP-PRO-1819 (TBR>, Engineering Requirements. 

4.2 Qualification Verification 

a. The Supplier’s shall document performance of all qualification testing identified in Section 3.3.8. 

b. The Buyer reserves the right to witness any testing performed. 

4.3 Inspections and Tests 

a. Inspector Qualifications: All personnel performing Nondestructive Examination (NDE) shall 
have been certified in accordance with the Seller’s written practice, which shall meet the 
requirements of ASNT SNT-TC-1 A. Level I1 or I11 personnel shall be used to interpret test 
results. 

b. Welder and Inspector Files: The Seller shall maintain a file containing’welder and inspector 
certifications, and NDE performance procedures as applicable, at the fabrication site for Buyer’s 
evaluation. 
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c. Visual weld inspections shall be performed, and appropriate documentation prepared by 
Certified Welding Inspectors (CWI) who have received certification in accordance with AWS 
QCI. Certified Associate Welding Inspectors (CAWI), certified in accordance with the above 
standard, may perform examination. Where CAWIS perform examinations, documentation shall 
be signed or stamped by both CAWIS and CWIs under whom the examinations were performed 
and included in the Final Design Report. 

d. Visual examination shall be performed on pressure-retaining parts, Le., pump column and 
auxiliary supply, flush and drain piping, in accordance with ASME B3 1.1. 

e. Bail and lifting yoke welds shall be liquid-penetrate or magnetic-particle inspected in accordance 
with AWS D1.l. 

f. Each mixer pump column shall be hydrostatically tested to 150 percent design pressure. 

g. All lifting yokes shall be load tested to 125 percent of the rated load. 

h. The DST Mixer Pump subsystem shall be tested in accordance with Hydraulic Institute 
Standards. 

.O PREPARATION FOR DELIVERY 

.1 General 

a. Delivery shall not commence until all required submittals (Section 3.3.9) are received and 
approved by the Buyer. 

.2 Preservation and Packaging 

a. Item shall be protected from dirt, soil, and moisture. 

b. Equipment shall be boxed or crated in a manner to prevent damage during shipping. Where 
equipment is braced internally, it shall be marked to identify removal. The Mixer Pump 
assembly, (excluding the pump motor), and turntable assembly shall be assembled (fastened) 
together and shipped as a complete, assembled package. The drive motor shall be packaged 
separately and mounted vertically on its base face. Loose components shall be bagged or boxed 
and supplied within the Mixer Pump crating. Assembly instructions shall be provided with each 
pump unit. 
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5.3 Marking 

a. Each Mixer Pump shall be identified with a permanent stainless steel nameplate. The nameplate 
shall be attached in a location that will be visible after installation. The characters shall be 
stamped or etched; painting is not acceptable. The nameplate shall depict the following 
information in 25-in. high characters. 

8 Purchase Order number. 

0 Item Number. 

0 

Specification and revision number. 

b. The turntable assembly (gear and cover plate) shall have a zero degree indication mark placed on 
each component to indicate the relative position of the pump assembly (nozzles). 

c. Packages shall be suitably marked on the outside to facilitate identification of the purchase order, 
the procurement specification, the package contents, and special handling instructions. 

d. Each electric motor shall have a nameplate permanently attached in accordance with NEMA MG 
1. 

Buyer equipment piece number (if identified on the purchase order). 

5.4 Handling 

a. If special handling devices are needed for assembly or installation of equipment, those devices 
shall be identified as special equipment and shall be supplied with the pump assembly. 

5.5 Shipping 

a. Seller shall recommend the preferred method of shipping (Le., fully assembled or partially 
assembled) to provide the best protection of equipment during transit and storage. The boxed or 
crafted components shall be blocked and securely fastened of the carrier vehicle to prevent 
shifting, crushing, or bumping during transport. 
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1.0 INTRODUCTION 

Project W-521, Waste Feed Delivery System, is installing four waste transfer lines between the AP farm 
and the tie-in point to the Waste Treatment Facility (WTF). These consist of two low-activity waste 
(LAW) and two high-level waste (HLW) lines. 

During the conceptual design phase of the project, a site development plan was prepared to address the 
location of eight specific project systems, structures, and components (SSCs). The main purpose of this 
plan was to develop and maintain a plan that would provide a basis for site development associated with 
the project scope. 

While preparing the site development plan, it was decided that a survey should be performed of the 
chosen route for the transfer lines to the WTF during the Advanced Conceptual Design (ACD) phase of 
the project. This would provide further refinement of the chosen path prior to the start of definitive 
design and validate the estimated quantities of earthwork identified in the conceptual estimate. 

1.1 Purpose 

The purpose of this task was to evaluate the route chosen for the transfer lines between the new 241-AP- 
A valve pit and the WTF and to confirm the routing and assure that it is the optimal path. 

1.2 Scope 

The main focus of this task was to perform a preliminary route survey of the transfer line corridor 
chosen during the conceptual design phase. The transfer lines that will be located within this corridor 
are: 3-in. HLW-700,3-in. HLW-701,3-in. LAW-702,3-in. LAW-703. 

The preliminary route survey will be used to: 1) find the optimum combination of alignment and grades 
along the chosen route, 2) avoid any existing physical obstructions, such as the 216-A-29 ditch and 3) 
adjust (if required) the CDR cost estimate for earthwork quantities. 

A surveying and sampling plan was also developed for the entire W-521 Project. This document lays 
>ut a strategy for further defining the locations for specific SSCs needed to implement the Waste Feed 
Delivery (WFD) mission. It provides further refinement of and will be used in conjunction with HNF- 
5371, Site Development Planfor Project W-521, and is provided as Appendix A of this report. 

2.0 METHODOLOGY 

Prior to performing this route survey, additional field walks and reviews of historical documents 
:drawings) were performed to determine if any previously unidentified interferences exist. The Site 
Development Plan for Project W-521, HNF-5371, was reviewed for any other useful information. 
3bstructions or inconsistencies found by the route survey will be investigated during definitive design 
iy use of potholing, ground-penetrating radar scans and further document searches. 
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1.0 ASSUMPTIONS 

The following assumptions were made: 

The new transfer line route can utilize the existing grout transfer line berm and that the grout 
transfer line piping can be cut and abandoned in place, 

The new transfer line route can go through the existing grout wastewater trench, 

Existing power poles can be relocated as needed, 

Existing wells can be relocated or modified as needed, and 

The method used for calculating the elevation at the tie-in points for the WTF is correct (see 
Section 4.2). 

. 

1.0 DISCUSSION 

\ field walk of the chosen routing was performed on Friday, July 14,2000. The personnel performing 
he walkdown were Katie White (CHG), Tom Salzano (ARES), Chip Conselman (ARES) and Dave Fort 
Fluor Federal Services (FFS)]. Several small items were noted that could slightly alter the route. An 
mapped  underground contamination area exists just north of the existing berm for the grout feed line. 
jeveral electrical power poles may also cause slight adjustments in the routing. Other than these items, 
he selected route appears to be acceptable. 

1 further in-depth review of historical documents (drawings) was performed to confirm that no 
indiscovered interferences exist. This review did not identify any further unknown obstructions. 

The location of the new 241-AP-A valve pit was established (see ESW-521-S2) so that the transfer line 
ie-in coordinates could be shared with Project W-3 14, which is in the definitive design phase. 

The route survey was performed by FFS. An approximately 50 ft. wide comdor was surveyed, using 1 
t. contour intervals and following the selected route as closely as possible. This survey uncovered 
:everal potential areas of concern. The biggest of these is the location of the tie-in points to the WTF, 
vhich were given to the project by WTF personnel. These points appear to fall within the existing 
:ntrance ramp to the grout vault facility. 
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1.1 Horizontal Survey Datum 

:he coordinates for these tie-in points were given to the project via an Interface Control Drawing (SK- 
N375BF-CO0001, Rev. E). See Figure 4-1. This document references two different horizontal survey 
latums, the Washington State Grid datum and the WTF datum. These were then converted to the 
%anford 200E Plant datum, since this is the datum used by this project. These coordinates are given in 
:able 4-1. 

Table 4-1. Horizontal Survey Datum 
HANFORD 2OOE WASHINGTON STATE WTF 

COORDINATES WCS83S (1991) SK-W375BF-COO01 
PLANT GRID COORDINATES - COORDINATES DESCRIPTION 

(FEET) (METERS) Rev. E (FEET) 
n L w  FEED 40557.82 N135847.87 N4140 
INTERFACE 45204.82 E5761 14.84 E9131 
LAW FEED 40553.81 N135846.65 N4136 
INTERFACE 45204.83 E576114.84 E9737 

1.2 Vertical Survey Datum 

-he elevation at the tie-in points was given to the project via ICD No. 19 and 20. See Figure 4-2. It was 
jven as 666.00 ft. and was stated to be in the RF'P WTF system. In order to correlate this to a known 
rertical datum, the Interface Control Drawing (SK-W375BF-C00001, Rev. E) was reviewed against the 
N-519 design drawings. It was noted that the elevations for several water line tie-ins correlated with the 
:levations on the W-519 drawings, which utilize the NAVD88 vertical datum (in meters). The Interface 
:ontrol Drawing also gives these elevations in feet, using a direct conversion of 3.28084 feet per meter. 
t can therefore be concluded that the 666.00-A elevation given is in the NAVD88 vertical datum. 
iubtracting the 3.56-foot difference that exists between the NAVD88 and the 200E Area vertical datum 
:ives an elevation of 662.444. for the tie-in points in the Hanford 200E vertical datum (feet). 

l e  results of the survey are reflected on ESW-521-C3 and C4 
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5.0 CONCLUSIONS AND RECOMMENDATIONS 

Most of the potential obstructions and areas of concern involving the chosen route are relatively minor 
and can be easily corrected or avoided. This includes fences, power poles and wells. However, the 
location of the tie-in points to the WTF needs to be addressed. Once it was discovered that these points 
fall within the grout vault entrance ramp, the CHG project engineer was contacted and told of the 
situation. The HND Team was asked to choose a location that would be more feasible. The chosen 
location would be approximately 100-A north of the existing site, which was the initial site that was 
given to the project during the CDR stage. 

The route indicated on ESW-521-C3 and ESW-521-C4, sheet 1 is the most favorable one for the new 
transfer lines, with the exception of the location of the tie-in points to the WTF. The coordinates for the 
new 241-AP-A valve pit are shown on ESW-521-S2, sheet 1. The potential resultant changes to the W- 
521 estimate are very minor. Dependent upon the resolution of the interface point, assuming the 
interface coordinate is accurate, minimal changes to the cost estimate will occur (slight increase in 
backfill at tie-in point, but well within contingency allocation). If the interface point is moved north as 
proposed, a significant reduction in the W-521 cost for piping, excavating, etc. will result (estimated at 
up to $.5M). Until such time as resolution is achieved, this savings has not been included in the cost 
data for trending the W-521 estimate. 

5.1 Cost Summary 

No changes to the cost baseline have currently been identified. If, however, the tie in coordinates are 
relocated as proposed, approximately $400,000 can be removed from the W-521 estimated due to a 
reduction in piping lengths. 

6.0 REFERENCES 

HNF-5371, Site Development Plan for Project W-521, HND Team for CH2M Hill Hanford Group, Inc., 
Richland, Washington. 
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1.0 INTRODUCTION 

The purpose of establishing this Surveying and Sampling Plan is to develop a strategy for further 
iefining the locations for specific Systems, Structures and Components (SSC) needed to implement the 
h'aste Feed Delivery (WFD) mission. It provides further refinement of and will be used in conjunction 
with HNF-5371, Site Development Plan for Project W-521. 

The specific Project W-521 SSC being addressed by this plan are: 

The new 241-AP-A valve pit within the 241-AP Tank Farm, 

The new transfer lines (3-in. SN-640 and 3-in. SN-641) between the existing 241-AP valve 
pit and the new 241-AP-A valve pit, 

The new low activity waste (LAW) and high-level waste (HLW) transfer lines (3-in. LAW- 
703,3-in. LAW-702,3-in. HLW-700, and 3-in. HLW-701) between the new 241-AP-A valve 
pit and the Waste Treatment Plant (WTP) LAW and HLW interfaces, 

The new Instrument, Control, and Electrical (ICE) Building supporting the 241-AW Tank 
Farm, 

The new caustic and diluent addition system supporting the 241-AW Tank Farm, 

The new ICE Building supporting the 241-AY Tank Farm, 

The new ICE Building supporting the 241-SY Tank Farm, 

The modifications and additions to the caustic and diluent addition system supporting the 
241-SY Tank Farm, and 

The modifications to the 241-AY/AZ ventilation system. 

Any other SSC, particularly new structures or below grade pipe and conduit runs, on an as- 
needed basis. 

1.0 APPROACWMETHODOLOGY 

4s part of the continuing W-521 design effort, several of the key project SSC require further review and 
.efinement to confirm that the locations chosen are the most feasible. This process involves several key 
;teps, including: 

Additional Field Walkdowns, 

Further review of historical documents (drawings, specifications, reports, etc..), 
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Review Historical 
Documents ssc 

Surveying, 

Potholing GPR 
Walkdowns Scans Surveying Field 

Subsurface scanning, including ground penetrating radar (GPR), and 

Diluent System 
241-AYiAZ Vent System 

Potholing. 

The activities that need to be performed for each of the given SSC are given in Table 2-1. The table also 
ndicates the project phase (advanced conceptual design, definitive design (DD) during which each task 
s anticipated to be performed. 

Table 2-1. Activities Per SSC and Project Phase 

DD DD DD DD DD 

DD DD DD DD DD 

!.l Further Review of Historical Documents 

rhis activity involves doing additional drawing and document searches for each of the areas where a 
'roject W-521 SSC is being located and documenting any potential impediments to construction. HNF- 
!756, Privatization Contractor TransfedFeed Line Corridor Obstructions, will be used in reviewing the 
'oute for the LAW and HLW transfer lines to the WTP. Various data and documents fiom other 
rojects, such as survey data, subsurface scanning data and soils reports, will be utilized to minimize 
,ework. Projects ofparticular interest include W-211, W-314, W-519, W-030 and W-058. 

!.2 Field Walkdowns 

Idditional field walkdowns will be completed by members of the design team prior to performing any 
:urveying, GPR scanning or potholing. This step will provide for any fine tuning of the locations prior 
o surveying. Digital cameras will be utilized to document the existing conditions. 
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1.3 Surveying 

111 surveying will performed by a professional land surveyor. This includes preliminary route 
,urveying of transfer line routes in order to find a route that provides the optimum combination of 
ilignment and grades. 

1.4 Ground Penetrating Radar Scans 

?round penetrating radar scans will be performed to determine 1) if any unknown underground 
jbstructions exist and 2) the approximate size and depth of both known and unknown underground 
jbstructions. 

The majority of the route being used for the transfer lines between the existing and new Ap valve pits 
ollows the route initially laid out by W-314 during Definitive Design. Project W-314 documentation 
vi11 be reviewed to confirm that the proper surveying and scanning were performed. 

!.5 Potholing 

f uncertainties or concerns still exist after all of the preceding steps have been utilized, potholing will be 
jerformed at selective sites. 

1.0 REQUIRED RESOURCES 

n order to perform all of the steps of this plan in an adequate manner, access to several resources will be 
equired. These consist of: 

Historical documents. 

Services of a professional land surveyor licensed in the State of Washington. 

Services of an organization capable of performing GPR scans. 

Services of an organization capable of performing potholing. 
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1.0 SCHEDULE 

rhe new LAW and HLW transfer lines between the new 241-AP-A valve pit and the WTP LAW and 
HLW interfaces will be addressed during the Advanced Conceptual Design (ACD) effort. The 
remaining SSCs will be dealt with during DD. 

5.0 ORGANIZATION AND FUNCTIONAL RESPONSIBILITIES 

During the ACD phase, ARES Corporation (ARES) prepared a Statement of Work format for surveying 
services. ARES also provided oversight of the surveying task performed during the ACD. 

The Architect-Engineer performing the DD will be responsible for completing the remainder of the 
activities given in Section 2. 

CH2M HILL Hanford Group, Inc. (CHG) will provide access to or copies of requested historical 
iocuments, including drawings, specifications and test reports. CHG will also provide the contracting 
mechanism for acquiring the services of a professional land surveyor during the ACD phase. 

6.0 SUMMARY AND RESULTS 

411 information gathered throughout this process will be used to refine and improve the W-521 design. 

7.0 REFERENCES 

Fort, D. and Parazin, R., 1998, Privatization Contractor Transfer/Feed Line Corridor Obstructions, 
HNF-2756, Rev. 0, Numatec Hanford Corporation, Richland, Washington. 

KND Team, 2000, Site Development for  Project W-521 Waste Feed Delivery Systems, HNF-5371, Rev. 
1, CH2M Hill Hanford Group, Incorporated, Richland, Washington. 
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11.0 INTRODUCTION 

Project W-521, Waste Feed Delivery Systems, is installing mixer pump at various locations in the 200 
West Area and the 200 East Area. These pumps will support line flushing for low activity waste (LAW) 
and high-level waste (HLW) transfers including intra-farm transfers, inter-farm transfers, and transfers 
to the Waste Treatment Facility (WTF). The major components of these systems consist of associated 
support equipment, a static mixing tee, a mixing and storage tank, supply pumps, valves, piping, and 
instrumentation used for monitoring and control. 

During the conceptual design phase of the project, various questions and concerns were raised about the 
capabilities and layout of the mixer pump power distribution. Also, since preparation of the CDR, 
numerous changes have been made to the requirements contained in the Level 2 specification, HNF- 
4164, Double Shell Tank Mixer Pump Subsystem Specification. In order to address these items, this 
report was developed to evaluate power distributions with respect to mixer pump operation. 

1.1 Purpose 

The purpose of this task was to investigate options for providing 480 V electrical power from the 
Variable Frequency Drives (VFD) in the 241-AY, 241-AW and 241-SY ICE Buildings to the tank mixer 
and transfer pumps. The current W-521 conceptual design has the power being routed to the first tank in 
a given farm where pumps (mixer pumps and a transfer pump) is scheduled to be installed. Double 
throw, three pole transfer switches are then installed at this tank to provide for selecting either the first 
tank’s pumps or the next scheduled tank with pumps being installed. Double throw, three pole transfer 
switches are then installed at the second tank to provide for selecting either the second tank’s pumps or 
the third tank with pumps being installed. This installation allows multiple mixer pumps or transfer 
pumps to operate from a single variable frequency drive. This is a very cost effective method for 
meeting the existing criteria for only two 300 Hp mixer pumps and one 60 HP transfer pump running at 
any time in a tank farm. The current project schedule has changed several times, affecting the order of 
the tank mixer pumps and transfer pump installation, and thus the effectiveness of this type of an 
installation. This report evaluates more flexible, less expensive options to distribute this power, while 
maintaining the ability to meet the technical criteria previously established. 

1.2 Scope 

The designs for the 241-AY, 241-AW and 241-SY tank farm power systems were reviewed, looking for 
ways to improve the flexibility, cost, and schedule of the system. Considerations were given to potential 
schedule changes, cabling costs, excavation costs, operation entrance into the farm, and other construct 
ability/maintainability issues. 

2.0 METHODOLOGY 

The current CDR Design was established as the baseline alternatives were compared against this 
baseline from, primarily, a cost perspective. Since no alternatives were considered which did not meet 
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311 technical, environmental, and safety requirements, the lowest cost option will be preferred 
alternative. 

The two alternatives that were considered included: 

Radial power supplied from a centralized power island to the tanks requiring mixer and transfer 
pumps, and 

Use of power panels with keyed interlocking breakers. e 

3.0 ASSUMPTIONS 

The current project schedule has changed several times, affecting the order of the tank mixer pumps and 
ransfer pump installation. Currently, continued schedule changes would require Engineering Change 
Votices (ECNs) to be written to change the design to reroute the power for the pumps to the first tank 
scheduled for pump installation. This redesign would be necessary to accommodate the construction 
sequence, while supporting operational needs. It is assumed that continued scheduled changes will 
)ccur and that the selected alternative mush be more flexible than the current configuration. It is also 
issumed that only two mixer and one transfer pump will be required to operate simultaneously in any 
:iven farm. 

1.0 DISCUSSION 

The existing conceptual design baseline and tank farm schedules were evaluated and compared against a 
:entrally located power island with two 600 A, 480 V, 3 phase power panels. Each panel would be 
xovided with three keyed interlocking breakers to select the mixer pump in the tank requiring mixing. 
4 200 A, 480 V, 3 phase power panel, with three keyed interlocked breakers to select the transfer pump 
n the tank requiring waste transfer would also be provided. The panels with the keyed interlocks were 
elected as the preferred alternative. The use of panel boards located in a central location each fed from 
L separate VFD allows selection of the designated tank requiring mixing or transferring. This 
:onfiguration includes the installation of radial feeds to each tank. This installation can be incorporated 
nto the current or future schedules for installation of the mixer and transfer pumps with no design 
:hanges or impact to cost. 

Xis alternative reduces cost (as shown in Table 5-1) provides significant flexibility for schedule 
hanges, and is less maintenance intensive. This alternative utilizes only co&ercially available 
:quipment, and eliminates the risk associated with the current baseline (600 A double throw transfer 
witch rated for a 300HP motor is not commercially available without additional testing to meet the 
$EC requirements). Since the above noted advantages exist, and all technical criteria is met, the keyed 
nterlocked panel alternative is selected. 
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5.0 CONCLUSIONS AND RECOMMENDATIONS 

The proposed layout for the 241-AY, 241-AW and 241-SY will be changed to show a power island in a 
sentral location. The 241-AY, 241-AW and 241-SY one line drawings will be revised to show power 
panels for the mixer and transfer pumps. Drawings ESW-521-E3, E4, E5 and E6 have been revised to 
show this arrangement. 

Using NEMA 3R power panels instead of double throw transfer switches will reduce the material and 
installation costs of the project. The Level 2 Specification, HNF 4159 Double-Shell Tank Utilifies 
Specification, requires that electrical enclosures mounted outdoors be rated NEMA 4. An exception or 
revision to the specification is required, as many panel boards and transfer switches cannot be obtained 
in a rated NEMA 4 enclosure, nor is this requirement (as a blanket statement) appropriate. The W-521 
h i g n  authority is aware of the issue and is pursuing appropriate changes/inteIpretation of the Level 2 
Specifications. 

5.1 Cost 

The cost reduction to accomplish these additions is shown in Table 5-1. 

Table 5-1. Cost 

5.0 REFERENCES 

YNF-4159, Rev 0, Double-Shell Tank Utilities Specification. 
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1.0 INTRODUCTION 

Project W-521, “Waste Feed Delivery Systems,” will upgrade systems, structures, and components at 
eight double-shell tanks (DST) as necessary to assure successful and reliable Phase 1 waste feed 
delivery to the Waste Treatment Facility. The eight DSTs included in Project W-521 are AW-101, AW- 
103, AW-104, AY-101, AY-102, SY-101, SY-102 and SY-103. Although the scope ofthis document 
addresses Project W-521 DSTs, there is a direct application to other tanks and projects. 

1.1 Purpose 

The purpose of Advanced Conceptual Design (ACD) on any project is to allow an opportunity to 
address uncertainties remaining from the Conceptual Design Phase. These uncertainties may be in the 
technical, cost or schedule arenas, and the focus may be on either confirmation of concepts or 
improvement of concepts. ACD on project W-521 will focus primarily on improvement of concepts 
which will potentially result in lower cost alternatives, better operability, or reduction in schedule. 

1.2 Scope 

As part of this effort, Closed Circuit Television (CCTV) systems will be assessed to determine the most 
cost effective approach for meeting the fhnctional needs of the W-521 project. There are a number of 
existing camera systems currently in use in the tank farms. Some of these systems may or may not be 
useful due to the requirements and constraints of the W-521 project. Several issues on CCTV 
configuration that affect reliability, operability, and maintainability need to be addressed. 

2.0 METHODOLOGY 

This document identifies requirements and constraints, determines alternatives to meet these 
requirements, and generates recommendations of the selected alternative for meeting the requirements 
while attempting to meet other goals that have been identified. The principal decision making tool will 
be a life-cycle cost analysis (LCCA). 

3.0 ASSUMPTIONS 

Several assumptions are made in this document concerning the operating duty cycle needed for the 
CCTV systems. Because of this, the LCCA performs a break-even analysis based on the number of 
weeks a year a given camera system may be used. It is also assumed that the operating environment will 
be similar from tank to tank for purposes of determining maintenance costs. 
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4.0 DISCUSSION 

1.1 Principle Issues 

Some of the principal issues that have brought the CCTV systems to the point of being considered in this 
study include: 

8 

8 

8 

8 

Early camera systems used in the tank f m s  required 12-in. and larger risers for installation into 
the tank. 
Cameras that have been designed for installation in risers as small as 4-in. have experienced 
mechanical operating problems. 
It is uncertain whether a “permanent” CCTV system, or a mobile or temporary CCTV system is 
more cost effective. 
Cameras that have been designed for installation in risers as small as 4-in. have inadequate 
lighting for viewing all features within a tank. 

4.2 CCTV Requirements 

The requirement for having a CCTV system is contained in section 3.7.2 of HNF-4155 (CHG 2000). 
However, this document contains very few requirements that the CCTV system will have to meet. 
rherefore, additional documents were reviewed for requirements that would be applicable to the CCTV 
system. These requirements include functional requirements, environmental conditions, and physical 
interface requirements. In certain cases, assumptions were made that will need to be validated as the 
project progresses. These assumptions are clearly noted by placing a <TBR> which means “to be 
reviewed.” 

Table 4-1. CCTV Applicable Requirements 
Parameter Requirement 

Functional - 
Monitor in-tank 
waste action 

The cmst in Tanks 241-AN-103, -104, -105,241-AW-101, 
and 241-SY-103 are 1 ft to 3 ft thick and have the potential 
to cause structural damage to the tank walls, floors, and in- 
tank components when liquid is removed from beneath 
them. The crust behavior could potentially be monitored by 
CCTV. Hold points in these cases should be a part of the 
process control sbategy during supernatant removal. 
The aging waste tanks contain several components that are 
supported from the tank dome and hang in the tank. These 
components include ALCs, dry wells, thermocouple 
assemblies, and a steam coil assembly. 

The process control strategy for ensuring the integrity of in- 
tank components during mixer pump operations will be to 
monitor component deflections using a closed-circuit 
television, and then to compare the readings to calculated 
allowable values. 

Functional - 
Monitor aging waste 
in-tank equipment 

Reference 
HNF-5146, rev. 0, 
Appendix D, Issue 10 
(Staehr 2000a) 

HNF-5145, rev. 0, 
section 3.2.3.2 (Staehr 
2000b) 
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Parameter 
Flammable Gas 
Controls 

Flammable Gas 
Controls 

Flammable Gas 
Controls 

Flammable Gas 
Controls 

Environment: 
Temperature 

Environment: pH 

Pan and Tilt 

Riser Length 

Requirement 
The surface temperature of heat-generating devices shall 
not exceed 780 degrees F. The surface temperature is 
limited to a maximum of 320 degrees F if the device can 
contact the waste and cause ignition by triggering 
exothermic reactions in the waste. Internal temperatures of 
heat-generating devices may exceed these temperatures 
(NFPA 70, Articles 500 and 501) ifthe beat source is either 
isolated (pressurized) from the gas environment, or if the 
design of the device enclosure meets the reauirements for 
explosion-proof housings 
Electrical cauipment shall be desienrd to meet NFPA 70. 
Class I, Division I, Group B criterTa or provide equivalent 
safety. As a minimum, this shall be interpreted to mean 
that no single point failure of energized equipment can 
result in an arc, spark, or gas hum propagation to the 
environment external 10 The source enclosure (NFPA 70). 
Shutdown of purged and pressurized electrical equipment, 
and purged and pressurized heat-generating equipment, on 
loss of protective gas pressure or flow, shall be automatic 
by design as defmed by NFPA 496, Sfandardfor Purged 
and Pressurized Enclosuresfor Electrical Equipment, Type 
X pressurization. 
Interlocked startup of purged and pressurized electrical or 
purged and pressurized heat-generating equipment shall 
only be allowed when the system senses preset limits (e.g., 
adequate protective gas pressure established as defined by 
NFPA 496). If pressurized enclosures are used to isolate 
energized components, a minimum of four enclosure 
volumes shall he purged through the enclosure for 
energized components, andor ten volumes shall be purged 
for enclosed motors before controlled startup of the system 
components (NFPA 70, NFPA 496). 
Maximum waste temperature is 195 degrees F. Existing 
cameras are rated to 176 degrees F. with the purge system 
operating. Actual temperatures in the vapor space aren't 
completely known but will likely be 176 degrees F or less 
so we will assume this requirement is conservative. 
<TBR> 
Vapor space pH is unknown, but designing for a pH of 13 
as was done in 106-C (WHC-S-0439) is relatively simple 
and yet conservative. Waste pH ranges from 12 to 5.6 M_ 
NaOH. <TBR> 
Pan and tilt is required for viewing of entire tank from one 
location. 350 degree revolution horizontal, straight down to 
60 degrees above horizontal. 

Typical DSTriser for a camera is around 13-14 feet. This 
will be addressed on a case by case basis due to differences 
in available risers. 

Reference 
HNF-SD-WM-TSR-006, 
rev. 1, section 5.10.2.c.4 
(Jones 1999) 

HNF-SD-WM-TSR-006, 
rev. 1, section 5.10.2.c.5 
(Jones 1999) 

HNF-SD-WM-TSR-006, 
rev. 1, section 5.10.2.c.6 
(Jones 1999) 

HNF-SD-WM-TSR-006, 
rev. 1, section 5.10.2.c.7 
(Jones 1999) 

HNF-SD-WM-TSR-006, 
rev. 1, section 3.3.2 
(Jones 1999) 

WHC-S-0439 sec. 4.0.f 
(Pedersen 1995) 

Various past camera 
specifications 

Drawings H-2-71996, 
and H-14-010501. 

3ND Team Page 3 



RPP-7069, REVISION 0 

’- 

I 

[ENDOR SEARCH FOR SMALL CAMERA SYSTEM Report No. 990920203-016, Rev. 0 
September 2000 

Parameter 
Riser Diameter 

Duty Cycle 

Calibration 

Requirement 
Varies. In most cases only a 4-in. diameter riser is 
available. In some cases a 12%. or larger diameter riser 
may be available, but use of a 4-in. riser is preferred. 
For staging tanks, the most likely duty cycle for the CCTV 
system is in support ofbatch transfers of 100,000 gallons. 
The tank would fust be mixed for a period of 1-2 weeks and 
then the waste transferred at approximately 100 gpm (this 
equates to 17 hours). There would then be a down time of 
up to one month before the next transfer. For non-staging 
tanks, the duty cycle for the CCTV system is in support of a 
continuous transfer instead of 100,000 gallon batches. 
The CCTV system must be capable of being calibrated to 
measure deflection of in-tank equipment. 

Reference 
RPP-6333 (CHG 2OOOc) 

Discussions with Bill 
Powell (design authority) 

HNF-5146, rev. 0, 
Appendix D, Issue 10 
(Staebr 2000a) and HNF- 
5145, rev. 0, section 
3.2.3.2 (Staebr 2OOOb) 

1.3 CCTV Goals 

n addition to the requirements and constraints, several other parameters have been identified that could 
ssist in determining the preferred alternative. For most of these goals it is difficult to assign a 
ninimum or maximum value to them, but it is possible to subjectively compare performance between 
he alternatives. These goals are: 

Minimize life-cycle costs (includes capital costs, operating costs, and maintenance costs). 
System reliability (this will be assessed by using the life-cycle costs). 
Lens flushing system. Although not required for all applications, it may be a beneficial 
capability. Required in tanks being sluiced. 
Zoom capabilities. Existing cameras have zoom lenses from 4:l up to 8:l. 
Radiation Resistancekife Expectancy (this will also be assessed by using the life-cycle costs). 
The design radiation field is 200 r/hr (WHC 1996), although 101-AZ tank has seen radiation 
fields of around 1,000 r h .  
Resolution. Existing cameras have resolutions of up to 1/32-in. wide line on a medium gray card 
at a distance of 40 ft. and a I-in. black square on a medium gray card at a distance of 65 ft. using 
light supplied only be the video system lamp (Shumake 1999). This high of a resolution will not 
be required to monitor general movement of waste and equipment in the tanks. 

,.4 Description of Existing Camera Systems And Infrastructure 

ilthough cameras have been used in the Hanford waste tanks in the more distant past, the current 
,eneration of explosion proof cameras was first installed in tank 101-SY in 1991. These cameras were 
datively prototypic and numerous improvements and refinements have been made in these essentially 
permanent’ cameras. In addition to these permanent cameras, a temporary or portable camera system 
nown as the Mobile Color Camera System (MCCS) was developed which was capable of being 
istalled down in 4 in. riser, and was principally used by the characterization program to view core 
ampling operations. 
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4t this time there are three main camera systems available for use in the Hanford tank farms. All are 
ipproved for use in a Class 1, Division 1, Group B hazardous environment as defined in the National 
3lectric Code (NFPA 1999). The three systems are: 

I A permanent system designed to fit down a 12-in. or larger diameter riser. The purge system and 
monitor system infrastructure are designed to be permanently installed in the tank farms. This 
system is noted for comparison purposes with the 4-in. permanent system. 
A permanent system designed to fit down a 4-in. or larger diameter riser. The purge system and 
monitor system infrastructure are designed to be permanently installed in the tank farms. 
A temporary MCCS designed to fit down a 4-in. or large diameter riser. The purge system and 
monitor system infrastructure are mounted in a panel truck, or in some cases, local instrument air 
is used for the purge. 

1 

I 

!i more detailed description of each of these systems follows. 

1.4.1 12-Inch Permanent System 

rhis permanent system was installed in tank 241-C-106 for the sluicing operation and is designed to fit 
Iown a 12-in. or larger diameter riser. The purge system and monitor system infrastructure are designed 
o be permanently installed in the tank farms. This system has had a good working histoIy and is 
iturdier than the 4-in. systems. The system is fully described in Vendor Information file 22668, 
iupplement 105. 

vlost of the requirements defined from previous camera usage at the tank farms can be met with this 
iystem. The purge gas control system was not originally required for this camera, although it originally 
lad a dry air system on it to prevent condensate from building up. Subsequent retrofit of the system 
esulted in a temperature rating of the in-tank components at 176 deg. F with the purge gas flow. This 
iystem has a radiation tolerance of 4.2 x lo6 rad cumulative for 0.67 MEV gamma which is 
ipproximately 2.5 years in a 200 rihr field. The lighting on this system is enough to not only provide 
:xcellent imaging at 60 A but to observe the characteristics and behavior of the tanks with four 250W 
luartz halogen lamps. The zoom capability is 4: 1 as compared to some other systems, which are 8: 1. 
;ince the camera was used in the sluicing operation, there is a light and lens flushing system. The 
iecessity of flushing for mixing and pumping operations would determine the usefulness of this feature 
or other tanks. A schematic of the system is shown as Figure 4-1. 
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T U B I N G  R E T A I N E R  
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A N D  C O N N E C T O R S  

PTE-300-S P A N  A, 

R C S - 5 2 1  T V  CAME 

\\-- L I G H T I N G  ARRAY 

R A D I A T I O N  T f l L E R A N T  W A S 1  E T A N K  CCll lIlR V I D E f l  
T Y C T F M  F n R  W A C T r  T A N K  ? 4 1 + - 1 n 6  

Figure 4-1. 12-Inch Permanent Camera. 

1.4.2 4-Inch Permanent System 

rhis permanent system was installed in tank 241-AZ-101 and was designed to fit down a 4-in. or larger 
liameter riser. The purge system and monitor system inftastructure, are designed to be permanently 
nstalled in the tank farms. The system is fully described in Vendor Information file 22515, supplement 
14. 

rhe system is designed for the purge function and has a desiccant air dryer on it. The lighting uses two 
75-watt halogen lamps. There is some concern that this may not be enough illumination for 
:haracterization or component deflection measuring, even though it is adequate for basic camera 
molution. The radiation exposure limit is somewhat reduced from the 12-in. system although adequate 
‘or normal inspection. The camera is fully shielded and the manufacturer has estimated that the 
:onservative lifetime accumulated dose is 2.3 x lo6 rad cumulative for 0.67 MEV gamma. The 
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temperature rating of the camera with the purge gas flow is 176 deg F. The zoom capability 4:l as 
compared to some other systems which are 8:l. It is designed for automatic shutdown in case ofthe loss 
D f  purge gas. There currently is no requirement for a lighb'lens flushing system on either of the 4-in. 
riser systems. Zoom, pan and tilt functions are virtually the same for both 4-in. systems. They both are 
zapable of panning 60 deg above horizontal. A schematic of the system is shown as Figure 4-2. During 
the AZ-101 Mixer Pump Test, the camera provided excellent data. The expected life of the camera was 
predicted to be 2000 hours. As the camera was being panned, it was bumped into a thermocouple 
installed in riser 168. The camera was removed, repaired, and returned to service. The camera failed for 
the record and last time three weeks after it was initially put into service. It was thought that the camera 
failed due to moisture accumulation in the mast assembly. Reference RPP-6548, Rev. 0, "Preliminary 
Test Report 241-AZ-IO1 Mixer Pump Test, " (CHG 2000b). 

C 
0 
0 
4 
5 
h' 
P 

88 CflNllECTnR 

RCS-COO PAN A140 TIL1 

/ 
FULLY Z H l i L D E O  
~ c s - 5 5 0  AUXILIARY rv CMERA 

NON-BROWNING OUCRTZ VINDOU 1 AND PRISUATIC ,TICS 
I 

COOLING 
I 

8 5  GiiS CHECK ?IALVE 

liL.530 DUAL 75 Vhll 
TUNGSTEN IIALOGEN LlGHl  

Figure 4-2. 4-Inch Permanent Camera System. 
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4.4.3 4-Inch Mobile Color Camera System (MCCS) 

The MCCS is temporary camera system designed to fit down a 4-in. or larger diameter riser. The purge 
system and monitor system infrastructure are mounted in a panel truck, or in some cases, local 
instrument air is used for the purge. Basically, the mobile purge system works the same as the 
permanent 4-in. camera and will shut down the system in the event of pressure loss. There are no 
requirements for lightllens flushing. The system is fully described in Vendor Information file 22728, 
supplement 1. 

This system is non-shielded which ultimately causes the camera to malfunction in a relatively short 
amount of time when exposed to a radiation field. It will function in 200 rad/hr environment but is only 
rated at 10,000 rad of cumulative radiation or 50 hours of operation. Multiple cameras would be 
necessary for any lengthy mixing and pumping operations. The system can be installed and removed in 
approximately half a shift by a crew of operators without the use of a crane or other hoisting device. 
There is only one 75W halogen lamp on this system, which may not be enough for quality image 
resolution at 60 ft. The addition of a separate light through a different riser would need to be considered 
especially for waste monitoring and characterization. The zoom capability of the MCCS is 8:l. The 
camera is designed to withstand a pH of between 8 and 14, which meets the tank environmental 
compatibility requirement. A schematic of the system is shown as Figure 4-3. 

4.5 CCTV Alternatives Assessment 

4.5.1 Determination of Alternatives 

All existing systems at the Hanford site tank farms were considered as options. In addition, 
improvements that could be made to these systems to meet requirements and goals, or reduce life-cycle 
costs were noted. A search for additional vendors was also conducted using such sources as the internet, 
interviews with other engineers, Nuclear News Buyer’s Guide, and the Thomas Register. The existing 
CCTV systems in the tank farm were all designed and fabricated by R.J. Electronics who has also 
supplied camera systems in use in the K-Basins. Most camera vendors clearly did not have a system to 
meet the restrictive requirements, and did not have the capabilities or the interest to develop a proper 
deployment system. It should be noted here that the camera itself is a fairly small percentage of the cost 
in installing and operating a CCTV system in the tank farms. The main costs are in the system 
integration necessary to deploy the camera in an explosion proof configuration through as small a riser 
as possible. Therefore, a small number of camera vendors were chosen for further investigation based 
on their work in developing whole systems as opposed in simply being a camera vendor. The three 
vendors chosen were: 

IST Visual Imaging Systems, which recently acquired REES camera, which is a long time 
supplier of radiation tolerant camera systems, 
Remote Ocean Systems (ROS) which has proposed on Hanford tank CCTV systems in the past, 
and 
Industrial Video, which developed CCTV systems for nuclear applications. 
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Figure 4-3. 4-Inch MCCS. 
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The other option would be to work with existing Hanford tank farm CCTV system vendors to utilize 
:ameras from other suppliers and use existing deployment systems that they have developed to gain the 
idvantages of each component. 

1.5.2 

rable 4-2 displays a summary of the ability of the existing Hanford Site cameras and ROS and IST 
:ameras to meet the requirements. In all cases this was proposed by installing cameras in purged 
iousings for both cooling and to meet flammable gas control requirements. In discussing options with 
)oth IST and ROS, they both stated that all the requirements stated in section 2.0 could not be met with 
:xisting designs and equipment, and that a development effort would be needed. ROS expressed no 
nterest at this time in determining what any development effort would entail or cost (Campos 2000). 
rherefore, the ROS option was ruled out. IST stated they thought they could develop a system for use 
n a 12-in. or larger riser for a rough order of magnitude cost of $75K, and that each system would cost 
340-45K. The IST system would be based on their RC2126 camera system for which a data sheet is 
:ontained in Appendix B. For a 4-in. riser, IST thought a system could be developed for $200K, and 
hat each system would cost $80K (Nold 2000). These costs were not used for comparison purposes 
vith existing systems, because a full specification that included QA requirements, documentation 
equirements, and terms and conditions was not given them. However, it is instructive that another 
:ompany besides the current vendor may be interested in developing a system. It should be cautioned 
hough fiat costs as high as two-to-three times those stated are a potential. 

Evaluation of Alternatives Versus Requirements 

Table 4-2. Alternatives Requirements Analysis 
I Parameter I Existine I Existine I MCCS4-in. I IST- I ROS 1 

Environment: pH Yes Yes Yes Yes Yes 
Pan and Tilt Yes Yes Yes Yes Yes 
Riser Length Yes Yes Yes Yes Yes 
Riser Diameter N O  Yes Yes No No 
Duty Cycle Yes Yes Yes Yes Yes 
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In general, both ROS and IST did not have systems that could fit down a 4-in. riser and still meet the 
flammable gas controls andor be radiation tolerant. In Table 4-2, they are ruled out due to not being 
able to meet the riser size requirement. The existing ‘permanent’ 12411. camera cannot fit in a 4-in. riser 
either. 

The existing camera systems were able to meet all requirements. 

4.5.3 

The principal method of assessing the remaining systems is a LCCA. The LCCA will assess how well 
the systems meet reliability, radiation tolerance, and overall cost minimization goals. This cost analysis 
is contained in Appendix C. The 4-in. permanent camera system has a significant life-cycle cost 
advantage over the 4-in. MCCS ($73,542 vs. $236,345) when discounted to year 2000 dollars. This is 
principally because the MCCS camera module will need to be replaced approximately every two days in 
the design radiation field. This is based on the camera needing to be in the tank ten weeks out of the 
year. 

However, if the camera is needed for a significantly reduced duty cycle for a year, it may be more cost 
effective to use the MCCS camera. Several additional LCCA were run and it was determined that if the 
camera system were used for up to three weeks per year in a tank, the MCCS could be used cost 
effectively. Therefore, the system might be considered for short-term applications such as for viewing 
construction activities. This analysis is also contained in Appendix C. 

Since the LCCA assessed the reliability aspects, possible problems and solutions are also discussed here. 
The first time the 4-in. permanent camera system was used, the pan and tilt unit failed after only two 
weeks. A contributing factor to this was that the camera was installed where it impacted on an installed 
piece of equipment while it was being panned. The operator continued to try and pan in that direction 
until it was determined that it had impacted a piece of equipment that was not shown of the drawings. 
An investigation should be made into a more robust pan and tilt mechanism that still meets the 
requirements of fitting through a 4-in. riser. Reliability of the pan and tilt mechanism has also been a 
concern of the MCCS system and should be investigated also. 

The remaining goals that need to be assessed are lens flushing, zoom capabilities, and resolution. 

Lens Flushing 

Neither the 4-in. permanent system, nor the 4-in. MCCS offers a lens flushing system. This is less of 
any issue with the MCCS as it will only remain in the tank for a few days at most. Based on past 
experience, it will also not be an issue when the tanks are relatively cool (less than 120°F), as little 
condensate will form at these temperatures. However, mixing of waste may cause a waste aerosol to 
impair viewing requiring lens and light washing. At higher tank temperatures, the view may be 
impaired some without a flushing system due to condensate on the lens. The MCCS has a slight 
advantage here, but it may be possible to add some type of system to the permanent installation. The 
tradeoff would be increased complexity, which may decrease the already somewhat questionable 
reliability. 
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Zoom CaDabilities 

The MCCS offers a zoom capability of 8: 1 while the 4-in. permanent system has a zoom capability of 
4:l. For purposes of the W-521 project, which is to view tank equipment for movement a 4:l zoom 
capability is more than adequate. If there are additional requirements for zoom capability in the tank at 
the same time, this should be taken into consideration. 

Resolution 

Each camera system is capable of resolving 1132411. wide line on a medium gray card at a distance of 40 
A. and a 1-in. black square on a medium gray card at a distance of 65 ft. if the lighting is adequate. The 
4-in. permanent system uses two 75-watt lamps, while the MCCS uses only one 75-watt lamp. 
However, it has been stated that with just the 75-watt lamp in use, objects beyond 35-40 A. away cannot 
be seen, and two lamps is not a significant improvement. This may not meet the requirement of being 
able to see all in-tank equipment depending on the equipment installed in the tank. For both systems it 
is therefore recommended that an additional explosion proof floodlight he used through another 4-in. 
riser. This should not be difficult, and each of the camera systems has an identical need for this. 

5.0 CONCLUSIONS AND RECOMMENDATIONS 

The preferred or recommended alternative for applications longer than three weeks per year is the a 
permanently installed camera system (either 12-in. or 4-in.). For applications shorter than three weeks 
per year, the 4-in. MCCS is the recommended system. Both of these systems have identified problems 
that should be addressed by the maintenance organization as necessary. It may be beneficial to prepare a 
specification for competitive bid where the proposals of two or more companies are assessed against the 
requirements. Any claimed improvements must be clearly demonstrated by rigorous testing prior to 
installation in the tanks. However, this may ultimately be a more costly approach than continuing to 
work with the current vendor to make needed improvements, which should also be demonstrated by 
rigorous testing. 

It should also be noted, that although the 12-in. permanent camera was not evaluated further because it 
has previously been shown to meet all requirements other than use in all 4-in. riser. This system can be 
used (and in fact, is the most effective system) where 12-in. risers are available. The 12-in. permanent 
camera has initial and maintenance costs that are very close to those of the 4-in. permanent camera 
system, and the system is somewhat more robust. The pan-and-tilt mechanism is more durable, and the 
lighting system can provide greater illumination to see across the tank. This system would be preferred 
in any instance where the 4-in. permanent camera is favored over the 4-in. MCCS, and a 12-in. riser is 
readily available in a location for appropriate in-tank viewing. 
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Visual Imaging Systems 
RC2126 
Unitized High Resolution 
Color CCD Camera System 
with PanKiWLights 

Features 

Air or underwater operation 

Safe low voltage DC operation 

Purgeableipressurizabie 

Single cable operation 

High resolution video to resolve 'li mil wiie at 

1 8m (Ut) distance 

Field selviceablelreplaceable comDonents 

Auto focus and iris control 

Applications 

Nuclear fuel inspection 

Reactor vessel inspections 

Tank inspections 

Steam headers 

Surveillance 

Large diameter pipes 

Snubber and hanger inspections 

Weld inspections 
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Camera & Camera Housing (PAL or NTSC) 

Type ............................................. '/3" Hyper-HAD CCD 

Resolution ................................... >380 H TV lines. 24:l lens 
>460 H TV lines - 121 lens 

Zoom ........................................... 2411 (5.4mm-130mm) Opticalidigital 
1 2 1  (5.4mm-65mm) Optical 

Focus ..Auto and manual with macro 
capability 

Iris ............................................... Auto f l .8 .  close 

Sensitivity ................................... 7 lux at 11.4 

Gain ............................... .... AGCOdB. 18dB 

Electronic shutter ....................... Auto 1/60 - l / lO.DOO sec 

Size (camera head1 ..................... 74mm x 57mm 139mm 

Construction ............................... Clear anodized aluminium and 

(2.89 x 2.25" x 5.46') (h x w x I) 

stainless steel 

Optional full stainless steel 7kg 
c (15 lbsi 

invironment ............................... Waterproof to 45m (1 50 feet) 

Temperature ... ............. -18C" - 66°C (0°F . 150°F) 

Cable 

Oiameter ..................................... 8.25mm (0.33') 

.. 30m (100 hl standard (up to 150m 
(500 ft) available] 

(510 Ibl kevlar strength membei 
Material ...................................... Polyurethane jacket with 230kg 

Mechanical 

Pan and lilt 

Pan Tilt 

Range ..... ...... kl75O t129°/-1050 

2 speeds high ......................... 25"/sec 25"/sec 

..................... 12"/sec 12"/sec 

Torque ......................................... 0.5Nrn 0.7Nm 

Clutch .......................................... Yes Yes 

Sire (with cameral ................ 

(7502 in) (lOOoz in) 

264 rnm x 122mm x 152mm 
110.4" x 4.8" x 6.0") (h x w x I) 

..................... Four I/; - 20. UNC mounting points 

Feedback ..................................... Optional 10k potentiometer position 

Construction ........................ 

Weight Aluminium 

(screws provided outside USA) 

feedback to monitor 

Clear anodized aluminium and/or 
Stainless steel 

Stainless Steel ....... 6.8kg (151bs) 

All internal wiring 

Unitized PTZ fits through a 140mm 
15.5") diameter hole 

Lighting 

2 each 35 watt spot or flood with focused dichroic reflectors 

35 watt flood, 1500 cp @ 30 degree beam spread 

35 watt spot: 3000 cp @ 20 degree beam spread 

Camera Control Unit 

Height ......................................... 181mm (7.125") 

Width (max) ................................ 343mm 113.5") 

Depth lmaxi ................................ 368mm (14.5) 

Modular design with slide-in cards 

tamp intensity control 

2 speed pan and tilt joystick (standard): continuous pan (optional) 

Super Video IY-C) and composite EIA-170A INTSC video output) 

Power .......................................... 11 OVAC 60Hz or 22OVAC 50Hz 
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Uptionai Accessories 

CO, pressurization kit 

Interconnecting/telescoping 6m (20 ft) pole 

Slip-ring cable drum 

Extended cable lengths up to 183m 1600 feet) 

S-VHSVCR 

S-Video monitor 

Purge and pressurize certification for use in hazardous 
atmospheres 

Field of View 

12:l Zoom Module 

Framing Angle IV x H) 
Minimum Focus Contact 3 0  

Wide Angle Telephoto 
38" x 50" x 58" 3 3" x 4 3" x 5 4" 

x 

24:l Zoom Module 

FramingAngleiVxH) 3 1 " x 4 2 " ~ 5 1 "  1 4 " x  1 8 ° x 2 3 0  

Minimum Focus Contact 30' 

Wide Angle Tslephoto 
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Visual Imaging Systems 
R 9 8 0  
System Camera 

Features 

Class leading radiation tolerance 
Panitill zoom cperation over just three twisted 

pairs + screen - Designed for use in-cell in air or in-reactor 

underwater 
Just one subxack can drive up to 8 cameras 

Jus1 one RS485 intertace card can control up to 

8 cameras 

Single channel controller available 

Interctangeablt~ camera heads [without adjustmenrl 
In bull-caption generator per camera channel 

Coniorms to latest EU Directives 

Desigr,ed maniiiactured sold anil supported to 

IS0 9001 
tower  instal la^ on costs and simcller site cabling 

dnd terminatioii 

Plus all the festires that vou would expect from a rnodcm camera designed for inulti-camera sysiem use: genlock. 
auto/rnanual i r i s .  picture sharpness enhanceinent iwllich reduces with Encreasing gain to  avoid entlancing noisel 
preset links for cifferenl cable lengths (0 -1  OOm. 50 ~ i 50m.  100 to  20Oni. and p'eset links lor 52560Hz  or 625/50H;! 
operation Mcreover a number o i  special ieatures and circuits have beeii iricoiporated in the R980 camera to give ii 
inore stable per'orrnance wit l i  l ime and accumulated radiation dose, including. iiutornatic gain. au to  black level and 
beam current stabilization 
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380 Camera Outstations 

The R980 camera outstation comprises a camera mounted on a pan and tilt head with integral wiring. The cable to  the Outstation COnneCtS to  the 
pan and ti l t base, so there are no moving cables. The integral wiring produces a neater,more compact and streamlined camera outstation which is 
far superior. especially for applications involving remote handling. The camera electronics uses the latest surface mount technology to  ensure high 
reliability. Two radiation tolerant lenses are available, the 12-72mm for general use and the 24-144mm when more detail is required. Macro focus iS 
standard on the R980 CMC to enable close focus to within 50mm of the camera. and a preset mechanical stop allows the use of Macro focus without 
having to subsequently adjust the zoom lens tracking. The R980 CMC has electrical contacts for lighting and audio accessories. The focus range for 
the other cameras is l m  to infinity. 

Alternative cameras provide the following options: 

R980 CMA 
A980 CMC 
R980 CMD 

12-72mm zoom lens, l m t o  infinity 
12-72mm zoom lens. macro focus It0 50mm in zoom out). contacts for lighting and audio accessories 
24-144mm zoom lens. l m  to infinity 

Alternative pan and t i l t  heads offer: 

R980 PTA 
R980 PTB . LEMO remote handling connector (fully washable) 

Fischer underwater latching connector 

A range of cable assemblies is available for each connector type. see 'Camera Cables &Connectors'. 

System Integration 

CAMERA 1 VIDEO 1 
R980 cameras can be easily interfaced to either an application 
specific television control SCADA, or the complete plants 

--recess control They use simple cables, just three twisted 

P Airs and a screen for a complete panltiltlzoom outstation. CAMERA2 CAMERA2 VIDEO? 

Larse numbers of cameras can be controlled from one sub- - 
rack, reducing the requirement for main equipment racks and 
bays. To reduce the number of conductors through an electrical 
penetration a single pan and tilt supply can be connected to  a 
number of different pan and t i l t  heads. 

The Camera Controller Card type R980CUAOBA fits into a sub- 
rack for 1 to 8 cameras. Each sub-rack, type R980CUA03A is 
fitted wi th a common power supply. SPG card, and RS485 
Telemetry Interface Card which drive, synchronize and control 
all functions for 1 to  8 cameras. All of the cameras associated 
with a particular sub-rack are locked togetherto reduce the 
visibility of any cross-talk and to  eliminate picture roll when 
switching between cameras. A number of sub-racks can easily 
be locked together as each rack has a genlock input. In 
addition each sub-rack has a serial control input and a loop 
through connector to enable all cameras in a system to be 
controlled by a single twisted pair. IlST-Rees's RS485 protocol 
is available for customers who wish to integrate cameras into 
an overall plant process control system). The Telemetry 
Interface Card includes a caption generator for each 1 to  8 
camera sub-rack. the captions are stored in an EPROM which 
can be programmed for each application. Two lines of text can 
be individually positioned at the top or bottom of the picture 
md  each character can have a black background to improve 
iisibility. 

A single channel camera controller is available - please 
request R980 MCA/B data sheet. 

- 

P w C A r 3  I I 
CAMERA3 VIDEO 3 

GENLOCK IN 
SYNC OUT 

REMOTE CONTROL 

AC POWER REMOTE CONTROL 
LOOPTHROUGH 

REMOTE CONTROL 

'm'2mm240v PIC POWER REMOTE CONTROL W H z  (AUTO RANGING) LOOPTHROUGH 
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- - - ~. I Camera Czbles S, Conneczors 

The cable requirement for the System Camera is 1 twisted pair for videoiline power, 1 twisted pair for telemetryltiming. 2 cores for pan and t i l t  
power and a n  overall screen. A number of different cable and connector combinations are available as standard for 19980 System Cameras. They are 
listed in the table below, al l  of them are radiation tolerant to 1 MGy (lon rads). All of the connectors concerned are radiation tolerant and constructed 
from stainless steel. 

In the table below "LSF" =Low Smoke. Low Fume. LSF cables are not available for underwater use. as the relative specification requirements are incompatible The term 
" length refers to the maximum Separation belween a camera and the sub-rack for a particular cable. Cables can be cut and terminated to suit particular applications. 

'c - 
LE 

CI 
2 
"1 
- 
- - 
ic 

LSI c - 
~ 

Connector Cable Diameter Length Installation Lights 
fmnvinchest lmeterdfeett Band Radius 

fmnJinchest 
................... ............ . . ~ ~ ~~~~ 

Fischer 3 pair. LSF 6mmI 0 24' 35ml110 36mmll  5' NIA 

4 pair, LSF 10.4mmi0.41" 200ml650 75mmi3.0' NIA Fischer 

10 core 9mm1 0.36' 100ml325 65mrni2.S 12v Flscher 

l l0V Fischer 8 core 

LEMO RHC 3 pair, LSF 6mmI0 24' 35ml110 36mrni l .S NIP, 

LEMO RHC 4 pair, LSF 10 4mmlO 41" 200rnl650' 75mrnl3.0' N I A  

LEMO RHC 8 core 9mml0 36' 100ml325' 65mml2.S l l Q V  

. ~ ~ .............. 

................. .~ .. .... ~. 

................... .. ......... . .  

.~~ ~ ~ 

65mml2.S 
~ 

100ml325' .............. 9mml0 36' 
. .... 

.~~ .~~ 

...... 
LEMO RHC 10 core 9mmi 0 36' 100rnl325' 65mmi2.S 12v 

....... ............ . . . .  . . . . . . .  

AirM'ater 
Application 

Al l  

A,, 

UnderwaIerlAir 

UnderwaterIAir 

Air 

Air 

Al l  

Air 

- - c 
C 
-< 

Cable 
Assembly (c 

i R980CABa44 - L 

R980CABD6A s 
G - R980CAB08A 

R980CABlOA 

R980CAB05A 

R98OCAB07A 

R98OCAB09A 

R980CAB11A 

- 

. ... 
.. 

~~~~~ 

Overall System Performance 

Horizontal resolution 600 tvl  per picture height Operatins ambient 

Camera Outstation Environnpnt 

Sensitivity: temperature: ........................ 0°C to 55°C 132°F to 131°F) IChalnicon tube) 
0°C t o  40°C (32°F to 104'F) iantimony 
trisulphide vidicon tubel 

1 lux (0.09 footcandle1 faceplate illuminance 
(Chalnicon. tungsten lighting 2856K. AGC at 
OdBl 

Scene illumination: .............. 20 lux (1.9 footcandle) (Chalnicon tube, 
60% average scene reflectivity, tungsten 
illumination 2856K. AGC at OdB. 12 to 
72mm NB zoom lens at f l l . 8 )  

200 lux (19 footcandle) (antimony 
trisulphide vidicon) 

AGC range: ........................... -6dBto 20dB 

Signal to noise ratio: ........... 43dB (CClR weighted. AGC at OdBl 

Geometrical Distortion: :...: 2 %  maximum iexcluding lens) 

Input power operating 
range: ................................... 85-1321170-264V (autorangingl. 

Power requirement: ............. 15OVA for a fully populated eight channel 

Camera cable length: ........... 200m i65Olmaximum camera t o  controller 

47-440Hz 

sub-rack 

(4  pair cable, refer to the table for 
alternative cables) 

Total radiation dose: ............ 1 MGy (H,OI [6nCol at 20kGyihour 
llOB rad at 2 x 10E radihour) 

Operating dose rate: ............ 1 kGy1hour ( l o5  rad1hour) (Chalnicon tube) 

30kGyihour (3 x 10E radihour) iantimony 
trisulphide vidicon tube) 

Sealing: ................................ IP68 ilEC 5291 60m l200')water depth 

(Fischer stainless steel connector) 

IP66ilEC 5291fullywashable 

(LEMO stainless steel remote handling 
connector) 

Maximum operating 
depth: ................................... 2Onl (66'1 (wi th underwater connector) 

~~ 

12-72mm Lens System 24-144mmLens System 
Viewing Angles In Air: Wide Teleloto In Water: Wide Telefoto Viewing Angles In Air: Wide Telefoto In Water: Wide TelelOtO 
Horizontal 40" 7 0" 30" 5 3 "  Horizonlal 21" 3.5" 16" 26' 

Venical 31' 52' 23' 3.9' Venical 16' 2.6" 12" 20: 

19" 3 3 "  

. . . . . . . . . . . . . . . . .  ~ ~ ~ ~~~ . 
~ ~. ~. 

..... 

~ ~~ .. ~ 

37' 6.6' Diagonal 26' 44'  Diagonal 49" 8 7 9  
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Controller Sub-rack Environment 

Operating ambient 
temperature: ........................ 0°C to 4OoC 132°F to 104°F) (fully 

populated. convection cooled) 
0°C to 50°C (32°F to 122°F) (up to six 
channels, convection cooled) 

0°C to 50°C (32°F to 122°F) (fully 
populated. forced air cooling 500 
litres/minute) 

Relative humidity: 20% to 75% 
non-condensing 

Dimensions 

Panflilt/Zoom Camera Outstation 

Height: ................. ............. 233mm (9.2") 

Length: ............................................... 346mm (13.6") 

Width: ................................................ 283mm (11.1") 

Weight: .............................................. 13kg (29 Ib) 

Controller Sub-rack 

Height: ............................................... 134mm (5.3") 

Width: ................................................ 483mm (19.0") 

Depth: ................................................ 300mm (11.8") (excluding 
handles and connectors) 

Weight 6kg 113 Ibl approx 

- 

203 

170 4 

Notes ... 
1. IST-Rees should be consulted with regard to very critic81 viewing requirements, or in cases where there are impoflent lighting,. 

In applications where there are severe space constraints care should be taken to allow for.the size of the cameracable meting 
connector, end if necessary, the bend radius of the connecting camera cable. 

, 
. .,. resolution, environmentel or viewing angle considerations; . .  

2 . 
. . .  . . . .  . . . . .  . .  .. 

Imaging & Sensing Reas Instruments Ltd. Rees. Instruments 
Technology Corporation an ISTcompany KommunikationrbU 

an lSTcompany 

3358 Route 352 Station Road Siemenstrasse 8 
Corning. NY 14830 USA Alton. Hampshire 0 53121 Bonn 
Tel: 607-562.3646 GU34 2PZ. UK Deutschland 
800-432-1478 Tel: 01420 541600 Tel: 0228 625088 
Fax: 607-562-3804 Fax: 01420 541700 Fax: 0228 626300 

m m w c 

Lo 

I 

- 
E-mail: istreesOistcorp.com E-mail: infooist-reer.com D 

http://istreesOistcorp.com
http://infooist-reer.com
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Alternative Video System 
Procurement 

Purge and Purge Total Maintenance 
Control Procurement Costs (annual) 

costs I Procurement Costs 1 costs 
4-inch Permanent I $127K I $25K 1 $152K I $25K 

Description I Rate I Hours I Total 
Installation of Permanent Camera Infrastructure 
Electrician 544 68 $2,992 
Pipe Fitter $46 68 $3,128 
Labor $32 68 $2,176 
Operator 536 32 $1,15? 

System 
4-inch MCCS I $34K 1 $8K 1 $42K 1 Not provided 

Teamster 536 16 $576 
Crane 40 Ton Hydraulic $67 24 51,608 
Flat Bed Truck 535 24 $84q 
Total $12,472 

The exception is that the annual maintenance costs for the 4-inch MCCS were not provided in 
this memo, but were calculated based on the radiation tolerance of the camera and the cost of 
replacement which will be determined following the determination of installation costs. 

The installation costs were determined based on estimates prepared during the W-521 
Conceptual Design Report and interviews with operators familiar with installation of both types 
of camera systems. 

- 

Installation Cost Details 

I 

Installation of Permanent Camera 
Electrician $44 32 51,408 
Pipe Fitter 546 32 $1,472 
Labor 532 32 $1,024, 
Operator 536 18 $648 
Teamster $36 20 $720 
Crane 40 Ton Hydraulic 567 16 $1,072 

(2-2 
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h Description Rate Hours Total 
Flat Bed Truck $35 16 $560 
Total $6,904 

The annual maintenance costs for the MCCS were then computed based on the following: 

The MCCS camera has a radiation life of 10,000 rad. Therefore, in the design radiation field of 
200 rihr, the camera would have a life of approximately 50 hours. For the purposes of this study, 
this will be approximated that a total of three cameras will be needed per week. Since ten 
transfers will be performed per year, with a minimum of one week of camera time needed per 
transfer, a total of 30 replacement cameras will be needed. These cameras have a procurement 
cost of $5,200 (Weny 2000). The camera is replaced by a simple quick disconnect. However, 
the costs associated with removing and reinstalling the camera are also associated with this. 
Therefore the annual maintenance costs would be: 

c -3  
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This is clearly a very significant cost associated with these cameras. 

These costs were then entered into the BLCC4 life cycle cost analysis software. In input file and 
the results file are shown below. 

Inuut File 

QBLCC filename = CCTV.QI 
Analysis type = Federal Analysis--Projects Subject to OMB A-94 
Project name = W-521 CCTV 
Base Date of Study = 2000 

Study Period = 5 years 
Discount rate = 4.0% 
Inflation rate = 0.00% 
Cap replacements and residual values (if any) included as investment costs. 
Residual values automatically calculated for capital components. 
Residual values automatically calculated for capital replacements. 

Service Date = 2004 

Number of alternatives in file = 2 
Number of groups in file = 1 

CAPITAL ANNUAL NON-ANNUAL OM&R 
ALT ALTERNATIVE GROUP LIFE INITIAL REPLACEMENTS OM&R - - - - - - - - - - - - - - -  

# NAME CODE (Y/M) COST($) FREQ* COST($) COST($) FREQ* COST($) 
r _  

_ _ _  _ _ _ _ _ _ _ _ _ - - _  _ _ _ _  _ _ _ - -  --.------ - - - - -  - - - - - - - -  - - - - - - -  - - - - -  - - - - - - - -  
1 Permanent 3/0 171376 0/0 0 25000 o/o 0 
2 MCCS 3/0 43832 0/0 0 265920 0/0 0 

*FREQ = Frequency of occurrence (in years/months) 

OutDut File 

QuickBLCC (QBLCC 2.7-00) 08-29-2000/ll:04:08 

QBLCC filename = CCTV.QI 
Analysis type = Federal Analysis--Projects Subject to OMB A-94 
Project name = W-521 CCTV 
Base date of study = 2000 

Study Period = 5 years 
Service Period = 1 years 
Discount rate = 4.0% 
Annually recurring costs and energy costs discounted from middle of year. 

Number of alternatives in file = 2 
Number of groups in file = 1 

Service date = 2004 

- Note: Project alternatives displayed in increasing order of investment cost 

Group code: _ _ _ _ _ _ _ _ - - - - - - _ _ _  Present-Value Costs---------------- 

c -4  
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Alternative Investment OM&R Energy Total Life- 
Name Costs' costs costs Cycle Costs - 

_______.___ ____..-_...- _......____ .____..--__ ..-____...__ 

MCCS $13450 $222895 $0 $236345 
Permanent $52587 $20955 $0 $73542~--MIN LCC 

Comparative measures are only calculated for the alternative with lowest 
LCC relative to alternative with the lowest present-value investment cost. 

Comparative economic measures for Permanent relative to MCCS: 

Ratio of present-value energy savings to total savings = 0.00 

* Investment costs include capital replacements and residual values (if any). 

NET SAVINGS = $162803; SIR = 5.16; AIRR = 44.40% 

Residual values for initial capital investment are calculated when life 
extends beyond end of study period. 
Residual values for capital replacements are calculated when life extends 
beyond end of study period. 

From the life cycle cost analysis it can clearly be seen that the 4-inch permanent camera system has a 
significant life cycle cost advantage. However, if the camera is needed for a significantly reduced 
duty cycle for a year, it may be more cost effective to use the MCCS camera. Several additional life 
cycle cost analyses were run and it was determined that if the camera system were used for up to 
three weeks per year in a tank, the MCCS could be used cost effectively. Therefore, the system 
might be considered for short term applications such as for viewing construction activities. The 
BLCC4 output file for using the camera for 3 weeks is shown below. 

,- 

Outout File (3 weeks oer year1 

QuickBLCC (QBLCC 2.7-00) 08-29-2000/14:20:33 

QBLCC filename = CCTV3W.QI 
Analysis type = Federal Analysis--Projects Subject to OMB A-94 
Project name = W-521 CCTV 
Base date of study = 2000 
Service date = 2004 
Study Period = 5 years 
Service Period = 1 years 
Discount rate = 4.0% 
Annually recurring costs and energy costs discounted from middle of year. 

Number of alternatives in file = 2 
Number of groups in file = 1 

Note: Project alternatives displayed in increasing order of investment cost 

Group code: _______...____.._ Present-Value Costs---------------- 
Alternative Investment OM&R Energy Total Life- 

Name COStS' costs costs Cycle Costs 
.______.___ ______..___. ____.--_-.- ______.-__. --_..-----_. 

..-. MCCS $13450 $66869 $0 $80319 
Permanent $52587 $20955 $0 $73542~--MIN LCC 

c-5 
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4 

Comparative measures are only calculated for the alternative with lowest 
LCC relative to alternative with the lowest present-value investment cost. 

Comparative economic measures for Permanent relative to MCCS: 

Ratio of present-value energy savings to total savings = 0.00 

* Investment costs include capital replacements and residual values (if any). 

NET SAVINGS = $6776; SIR = 1.17; AIRR = 7.30% 

Residual values for initial capital investment are calculated when life 
extends beyond end of study period. 
Residual values for capital replacements are calculated when life extends 
beyond end of study period. 

C-6 
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1.0 INTRODUCTION 

Project W-521, “Waste Feed Delivery Systems,” will upgrade systems, structures, and components at 
eight double-shell tanks (DST) as necessary to assure successful and reliable Phase 1 waste feed 
delivery to the Waste Treatment Facility. The eight DSTs included in Project W-521 are AW-101, AW- 
103, AW-104, AY-101, AY-102, SY-101, SY-102 and SY-103. Although the scope ofthis document 
addresses Project W-521 DSTs, there is a direct application to other tanks and projects. 

During the conceptual design phase of the project, various questions and concerns were raised about the 
capabilities and requirements of the instrumentation system. Also, since preparation of the CDR, 
numerous changes have been made to the requirements contained in the Level 2 specification, HNF- 
4155, Rev 1, (DRAFT) Double-Shell TankMonitor and Control Specification. In order to address all of 
these items, several tasks were undertaken as part of the Advanced Conceptual Design (ACD) effort. 
This subtasks evaluates potential improvements to the W-52 1 instrumentation and recommends how 
best to incorporate the latest DatdRequirements. 

1.1 Purpose 

This evaluation reviews key tank farm operational experiences and lessons learned and compares these 
findings to the W-521 Conceptual Design. Recommendations for modification to the W-521 Retrieval 
Control System (RCS) design are presented. This report also identifies any issues that require further 
resolution. 

1.2 Scope 

The recent tank farm operations that are used primarily as input to this report are: 

W-320, Tank 241-C-106 Sluicing, and 
W-151,241-AZ-101 Mixer Pump Test. 

Also, other pertinent documents and discussions are utilized as referenced. 

2.0 METHODOLOGY 

Section 4.0, the discussion section of this paper, is organized by process parameter, (Le. level, density, 
solids profile, etc). For each process parameter, the following discussion points are addressed. 

First, the applicable section of the Double-Shell Tank (DST) Monitor and Control Subsystem 
Specification, “F-4155, are identified at the beginning of each section. Applicable sections from 
HNF-4155 the DST Monitor and Control Subsystem Specification are included in Appendix A. 

HND Team Page 1 
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Vext, the key operational experiences and lessons learned from previous waste tank operations related to 
he W-521 RCS are summarized, and design improvements are recommended for incorporation into the 
V-521 RCS design. 

;inally, any issues that require further analysis are identified. 

’rimarily, the data andor information used in this evaluation was obtained from the following 
.eferences: 

RPP-5687, Rev. 0, 3-2-00, “Waste Retrieval Sluicing System and Project W-320, Tank 241- 
C-106 Sluicing, Lessons Learned”, CH2M HILL Hanford Group, Richland, Washington. 

HNF-4379, Rev. 1, 6-29-99, “Waste Retrieval Sluicing System Campaign Number 1 - 
Solids Volume Transferred Calculation”, LMHC, Richland, Washington. 

RPP-6548, Rev. 0, 7-17-00, “Preliminary Test Report 241-AZ-101 Mixer Pump Test”, 
CH2M HILL Hanford Group, Richland, Washington. 

“WASTE TANK SLURRY TECHNOLOGY DEVELOPMENT AND TESTING 
OVERVIEW’ dated October 13, 1999 by Ron Bafus, Numatec Hanford, Richland, 
Washington. 

HNF-4155, Rev. 1, (DRAFT) 4-27-00, DST Monitor & Control Subsystem Specification, 
CH2M HILL Hanford Group, Richland, Washington. 

HNF-5145, Rev. 0,6-14-00, “High-Level Waste Feed Process Control Strategy”, CH2M 
HILL Hanford Group, Richland, Washington. 

HNF-5146, Rev. 0, 6-14-00, “Low-Activity Waste Feed Process Control Strategy”, CH2M 
HILL Hanford Group, Richland, Washington. 

1.0 ASSUMPTIONS 

The existing DST Monitor Control Subsystem Specification is currently being revised. It is assumed 
hat the specification will only be refined, and that it will remain substantially as written. 

1.0 DISCUSSION 

1.1 Temperature Monitoring 

The DST temperatures are monitored to ensure that operating limits are not exceeded. The temperature 
iata will also provide important data during waste tank operations. The DST temperature monitoring 
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RPP-7069, REVISION 0 

EVALUATE PERFORMANCE OF II‘STRUMENTATION Report No. 990920203-005, Rev. 0 
September 2000 

capabilities will be made up of existing and new temperature instrumentation. The existing DST 
structure temperature thermocouples will be utilized as required. New temperature probes will be 
installed to monitor waste temperatures. 

4.1.1 Temperature Monitoring Requirements 

Key requirements for temperature monitoring are the monitoring of DST temperatures which includes 
measuring, transmitting, receiving, recording, trending, and displaying of waste temperatures and DST 
structure temperatures. 

Anticipated new requirements that will come out of the next revision of HNF 4155 are that all insulating 
concrete temperatures measurements shall be monitored. 

The requirements for temperature measurements are documented in HNF 4155, Sections: 3.2.1.1, and 
3.2.1.2, and are included in Appendix A of this document. 

4.1.2 Summary of RF’P-6548, Rev. 0, 7-17-00, “Preliminary Test Report 241-AZ-101 Mixer 
Pump Test,” CH2M HILL Hanford Group, Richland, Washington. 

Thermocouples within the sludge layer and in the insulating concrete located below the tank bottom 
were used during the test to monitor the progression of effective cleaning radius (ECR). 

At the end of the mixer pump test, all thermocouples previously covered by sludge, which included air 
lift circulator thermocouples, sludge thermocouples, bottom profile thermocouples, and tank bottom 
thermocouples, indicated that sludge had been effectively mobilized. 

The tank bottom insulating concrete thermocouples were surprisingly very responsive to sludge 
mobilization. Tank bottom insulating concrete thermocouples should be utilized in future tank mixing 
operations. Reference Appendix B, “Mixer Pump 1 (Riser 1C) Fixed Position ECR Testing Results” 
table, and Mixer Pump@) Oscillating ECR Testing Results table. 

During the mixer pump test nearly all of the “hockey puck” style thermocouples failed due to corrosion 
of the iron thermocouple extension wire, which is applicable to type ‘J’ thermocouples. 

4.1.3 Recommendations 

Project W-521 plans to install one Resistance Temperature Device (RTD) tree in each tank within the 
scope ofthe project with exception to the aging waste tanks (241-AY-101 and 241-AY-102) which 
receive 5 new RTD trees in each tank. Standard industrial RTDs and receiving devices (multiplexer) are 
available that will exceed the requirements for temperature measurement stated in HNF-4155. 

Project W-521 recommends that the tank bottom insulating concrete thermocouples be connected to the 
RCS. The RCS will send data over the Tank Farm Local Area Network (TFLAN), which would make 
the data available to the Tank Monitoring and Control System (TMACS) and other Human Machine 
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Interfaces (HMI) on the TFLAN. This is currently not within the scope of W-521, and some slight 
additional costs will result. 

The majority of tank bottom insulating concrete thermocouples provide local indication at the respective 
271 instrumentation buildings, although, some of the insulating concrete thermocouples are currently 
monitored by TMACS. Reference W-521 paper “Interface With Existing Instrumentation” for a list of 
process parameters currently monitored by TMACS. 

4.2 Suspended Solids Monitoring 

During the conceptual design phase of Project W-521, a placeholder was reserved for an instrument 
capable of measuring one or a combination of in-tank waste properties. The concept is that the 
measurement of in-tank waste properties would facilitate the waste feed delivery process resulting in a 
reduction in operating cost. 

There are three in-tank solids instruments that were tested during the AZ-101 Mixer Pump Test. All 
instruments provided a qualitative interpretation of solids mobilization. Graphs produced from 
measurements from the three instruments are included in Appendix C. The three instruments are: 

Gamma Monitoring System. 

Mt. Fury Suspended Solids Profiler (SSP), 
Ultrasonic Interface Level Analyzer (URSILLA), and 

4.2.1 Suspended Solids Monitoring Requirements 

There are currently not any requirements for suspended solids monitoring. HNF-4155 does not contain 
a section that necessitates or recommends monitoring in-tank waste properties such as suspended solids, 
blending, or sludge mobilization. 

Anticipated requirements will most likely include: The DST Monitor and Control Subsystem should 
have the capability to qualitatively monitor suspended solid data to facilitate waste feed deliver 
operations. 

The Low-Activity Waste Feed and High-Level Waste Feed Process Control Strategies (HNF-5145 and 
“ F - 5  146) recommend that instrumentation used to measure sludge mobilization, blending, and 
suspension of parameters (including the suspended solids profiler, gamma profiler, and ultrasonic 
interface level detector) be considered for future use based on the results of the AZ-101 mixer pump test. 

4.2.2 Summary of RPP-6548, Rev. 0, “Preliminary Test Report 241-AZ-101 Mixer Pump Test,” 
dated July 17,2000 by CH2M HILL Hanford Group, Richland, Washington. 

Qualitative interpretation of measurements from the SSP, URSILLA, and gamma monitoring system 
data was insightful. Interpretation of the data at a quantitative level will still rely on laboratory analysis 
of grab samples collected during the test. 
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4.2.3 Suspended Solid Monitoring Instrumentation 

4.2.3.1. Gamma Monitoring System 

4.2.3.1.1 
dated October 13,1999 by Ron Bafus, Numatec Hanford, Richland, Washington. 

The gamma detector is inserted into a 6” riser dry well and lowered to the desired depth. The instrument 
is comprised of a custom designed cart equipped with a winch system and signal conditioning circuits, 
A real time data link is provided to the tank farm monitoring and control operator station. 

Prior to the mixer pump test, the system was tested at AZ-101 and was found to be successful at 
detecting the sludgehupematant interface. 

4.2.3.1.2 
Test,” dated July 17,2000 by CH2M HILL Hanford Group, Richland, Washington. 

The output data plots from the mixer pump test are taken from Liquid Observation Wells at depths 
ranging from 30 to 60 feet below the riser flange. Each reading takes 2-3 minutes. Readings of 150 
counts/second appeared to indicate that the probe was positioned in supernatant. Readings between 150 
and 250 counts/second appeared to indicate a mixture of sludge and supematant. Readings above 250 
counts/second appeared to indicate sludge. 

While the mixer pumps were shut down, operational testing of the gamma monitoring system was 
successful, and the quality of the data at the conclusion of testing was very good. The Gamma 
Monitoring System plotted qualitative data that indicated the waste at a specific level to be supematant, 
supematant-sludge mixture, or sludge depending on the signal. An attempt at operating the Gamma 
Monitoring System during mixer pump operation was not successful. 

4.2.3.2. Ultrasonic Interface Level Analyzers 

Summary of “Waste Tank Slurry technology Development and Testing Overview,” 

Summary of RPP-6548, Rev. 0, “Preliminary Test Report 241-AZ-101 Mixer Pump 

4.2.3.2.1 
dated October 13,1999 by Ron Bafus, Numatec Hanford, Richland, Washington. 

The Royce Model 251 1 URSILLA is designed to qualitatively measure solid particulate suspended in 
supernatant as well as the supematantkludge interface. 

1.2.3.2.2 
lkst,” dated July 17,2000 by CH2M HILL Hanford Group, Richland, Washington. 

The sensor was located approximately 15 feet off the tank bottom. URSILLA probes were installed in 
isers 5B, 13A, and 16C. The URSILLA installed in riser 16C continued to provide anomalous interface 
readings, however, a solid material was noticed on an adjacent riser which possibly could have 

Summary of “Waste Tank Slurry Technology Development and Testing Overview,” 

Summary of RPP-6548, Rev. 0, “Preliminary Test Report 241-AZ-101 Mixer Pump 
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contributed to anomalous readings. Also, the URSILLA probes do not provide useful data when mixer 
pumps or air circulators are being operated. 

Overall, the URSILLA probes performed very well and provided useful, real time data. Reference 
Appendix B of this document, “URSILLA Profiles from Riser 5B During Settling Testing (1-14 Hours 
After Pump Shutdown)”. 

One verbal comment, per phone conversation with Allen Carson who participated in the testing of the 
URSILLA system, was that this is a very valuable piece of equipment which can be used to provide 
immediate data. 

4.2.3.3. Suspended Solids Profiler (Mt. Fury Profiler - SSP) 

4.2.3.3.1 
dated October 13,1999 by Ron Bafus, Numatec Hanford, Richland, Washington. 

This instrument is waste intrusive, and cannot be used in Class 1, Division 1, Group B atmospheres or 
Group 1 tanks. The profiler may be used in Class 1, Division 2, Group B atmospheres (Hanford Group 
2 tanks) if the tank head space is monitored for hydrogen and power is shut off to the profiler control 
system when the hydrogen reaches 25 percent of the lower flammable limit (LFL). 

4.2.3.3.2 Summary of RPP-6548, Rev. 0, “Preliminary Test Report 241-AZ-101 Mixer Pump 
Test,” dated July 17,2000 by CH2M HILL Hanford Group, Richland, Washington. 

The SSP is a commercially available instrument that measures turbidity versus depth in units of parts per 
million. The probe is drawn into a glove box when not in use. The SSP is equipped with a stepper 
motor, cable reel, high-pressure spray nozzles, and has the capability to interface with the TMACS via a 
data link. 

Baseline data obtained prior to starting the Operational Test Procedure (OTP) appeared reasonable. 
Profile data obtained with the first probe during the test appeared erratic, prompting replacement of the 
probe. Data obtained from the new probe appeared reasonable. As with any turbidity monitor, the 
values displayed are only relative values. To obtain a more accurate measurement of the suspended 
solids concentration, it will be necessary to compare the SSP readings to the results from the laboratory 
analysis of the grab samples. 

The SSP caused difficulty during operation due to mechanical malfunction. The cable on the cable reel 
became entangled, not allowing the probe to be raised or lowered. After replackment of the probe and 
cable there were no further problems operating the SSP. Later, external radioactive contamination was 
found on the SSP. The contamination was highest on various flange connections below the SSP 
housing. 

Summary of “Waste Tank Slurry Technology Development and Testing Overview,” 

HND Team Page 6 



RPP-7069. REVISION 0 

EVALUATE PERFORMANCE OF INSTRUMENTATION Report No. 990920203-005, Rev. 0 
September 2000 

4.2.4 

There is not a requirement for suspended solids monitoring. However, input from individuals directly 
involved with the kz-IO1 Mixer Pump test have indicated that the qualitative data is very important in 
determining tank mixing. 

Ideally, the instrument would be available to quantitatively measure % wt solids and solids profiles. 
However, the in-tank properties measurement devices that have been tested up to this point only give 
qualitative feedback for solids profiles. For example, feedback would indicate that the waste within the 
tank at a given depth is supematant, a mixture of supematant and sludge, or mainly sludge. 

At this point, since no instruments have been identified to provide adequate quantitative measurements, 
Project W-521 will continue to identify a placeholder for an instrument that is capable of qualitatively 
measuring suspension of solids and sludgehpematant interface. For cost purposes the URSILLA will 
be utilized. 

Recommendation for Suspended Solids Monitoring 

4.3 In-Tank Density Measurement 

Density of in-tank waste could provide a density profile of tank waste during the mixing activities. If a 
constant density profile was measured along with other measurements such as temperature profiles, one 
could assume that a given tank waste was sufficiently mixed. 

4.3.1 In-Tank Density Measurement Requirements 

There are not any key requirements for in-tank density measurements. 

At this time there are not any anticipated requirements, however, if a reliable low cost instrument or 
technique was available, the data would provide valuable insight into the waste feed delivery process. 

Attempts to measure in-tank density have also proved to be unsuccessful using the ENRAF level gauge. 
Possible causes of unsuccessful measurements are discussed later in this document. 

4.3.2 Density Instrumentation 

4.3.2.1. Ball Rheometer (In-Tank Density and Viscosity) 

4.3.2.1.1 
dated October 13,1999 by Ron Bafus, Numatec Hanford, Richland, Washington. 

This device is a prototype developed by Pacific Northwest Laboratories (PNL), Los Alamos National 
Laboratory (LANL), and Westinghouse Hanford Company (WHC) in 1993-94 to support analysis work 
in SY-101. It subsequently has been utilized in Hanford tanks SY-103, AW-101, Ah’-103, AN-104, and 

Summary of “Waste Tank Slurry Technology Development and Testing Overview,” 
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The displacer of this instrument accesses the tank through a 4” riser. The ball is lowered to the bottom 
ofthe tank and then raised at a constant velocity. The measured force on the cable is used to calculate 
apparent viscosity. At any given level, density is calculated using the measured force on the cable. 

This instrument is comprised of a spray ring spool piece, reel drum and motor actuators, control console, 
power skid, and ventilation module. All components are packaged as separate units to provide mobility 
and radioactive contamination control. The control console can be located up to 250 feet from the 
viscometer to allow personnel to operate the device from outside the tank farm. 

The system is reported to have performed flawlessly while in use at the six waste tanks. It is currently 
stored at Hanford and deployable as required although not easily mobilized into place. 

4.3.2.2. ENRAF Densitometer 

4.3.2.2.1 
Tank 241-C-106 Sluicing, Lessons Learned,” dated May 2,2000 by CHZM HILL Hanford Group, 
Richland, Washington. 

Summary of RPP-5687, Rev. 0 “Waste Retrieval Sluicing System and Project W-320, 

While the sediment level data from the ENRAF Densitometer was adequate for use, the density data 
profile was inexplicably erroneous. Control of the densitometer should also be remote. A portable 
computer requiring two operators had to be set up inside a radiation area in order to control the 
equipment. Adding a densitometer communications port in the instrument design would be advisable. 

4.3.2.2.2 
dated October 13,1999 by Ron Bafus, Numatec Hanford, Richland, Washington. 

The ENRAF has not provided good density measurements to date. The manufacturer makes many 
different devices that might be more suitable to the tank requirements. Further evaluation is required 
before the ENRAF is used for density profiling. 

4.3.2.2.3 Summary of HNF-4379, Rev. 1, “Waste Retrieval Sluicing System Campaign Number 1 
- Solids Volume Transferred Calculation,” dated June 29,1999 by LMHC, Richland, Washington. 

The data from the ENRAF densitometer profiles was evaluated and is not providing meaningful data. 
This density profile data source is therefore considered inconclusive. This anomalous data is believed to 
be the result of the densitometer plummet support wire dragging on the inside surface of the 4” riser 
during part of the plummet travel. This is suspected to occur because the 4” riser is not plumb. 
Additional evaluation of the ENRAF densitometer is needed to correct the postulated wire-dragging 
problem if possible to make the density profile data useful. Mathematical evaluations simulating the 
:orrection of the wire dragging appeared to indicate that the data received correlated fairly well with 
other process control information. 

Summary of “Waste Tank Slurry Technology Development and Testing Overview,” 
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4.3.2.3. In-Line Density Measurement 

There is a requirement in HNF-4155, DST Monitor and Control Subsystem Specification, to measure 
density at the transfer pump discharge. Section 4.7 of this document. 

Project W-521 is currently planning on installing a variable depth pump suction in all tanks with the 
exception of AW-103 which will get a full-length pump. 

One possibility that will require further analysis would involve measuring bulk density of in-tank 
contents at variable pump suction levels. 

At any time during the mixing operation the process could be operated in the recirculation mode, and the 
in-line density could be recorded respective to the pump suction position. Further analysis is required to 
determine if this would add any valuable process parameters to the waste feed delivery operation. 

4.3.3 

Further analysis is required to determine if in-line density measurement from various pump suction 
levels during the waste feed delivery process would provide useful data. 

4.4 Mixer Pump Instrumentation 

Primarily mixer pump parameters will be monitored to ensure the proper operation of the mixer pump. 

4.4.1 

The key requirements for mixer pump operation include the monitor and control of: motor speed and 
amps, motor bearing temperature, motor stator winding temperature, turntable rotation and orientation 
pump vibration, and nozzle discharge pressure. 

At this time, no additional requirements that are anticipated. 

The requirements for Mixer Pump Instrumentation are stated in HNF-4155 and are summarized in 
appendix A of this document. 

4.4.2 

Recommendation for in-tank density measurement 

Requirements for Mixer Pump Instrumentation 

Summary of RPP-6548, Rev. 0, “Preliminary Test Report 241-AZ-101 Mixer Pump Test,” 
dated July 17,2000 by CHZM HILL Hanford Group, Richland, Wgshington. 

The only significant issue noted relative to the mixer pump instrumentation was that the indicated pump 
position was 10-15 degrees different than the actual discharge flow direction as determined by strain 
gauges, temperature readings, and CCTV viewing. This proved to be troublesome when attempting to 
reposition the nozzle during operation. 
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4.4.3 

The indication of direction of pump discharge should be biased at the display to indicate actual mixer 
pump discharge flow direction or the position feedback should be calibrated to indicate discharge flow 
direction. 

4.5 Level Measurement 

Level measurement has been successfully implemented at Hanford for many years. Changes to the 
current configuration are not anticipated. The ENRAF level gauge will not be operated while the mixer 
pump is operated. 

4.5.1 Requirements for Level Measurement 

The key requirement for level measurement includes the monitoring of level. Measurement accuracy is 
+I- w. 

At this time, no additional requirements that are anticipated. 

The requirements for Level Measurement are stated HhF-4155, Section 3.2.1.13. A summary of these 
requirements is located in Appendix A of this document. 

4.5.2 

Recommendation for Mixer Pump Instrumentation 

Summary of “Waste Tank Slurry Technology Development and Testing Overview,” dated 
October 13,1999 by Ron Bafus, Numatec Hanford, Richland, Washington. 

The ENRAF Series 854 level gauge utilized at Hanford in the tanks is adequate. Level measurement is a 
crucial piece of data that is required to be taken frequently during waste feed delivery operations. 

4.5.3 Recommendation for Level Measurement 

The existing ENRAF Series 854 level gauge will be utilized for level data. Level data will be received 
by the W-521 RCS via a TFLAN-TMACS interface. The ENRAF level gauge meets the design 
requirements stated in HNF-4155. 

4.6 Volumetric Flow Measurement 

Volumetric flow measurement has been successhlly implemented at Hanford. 

4.6.1 

Key requirements for volumetric flow measurement include monitoring flow at the discharge of the 
transfer pump. Accuracy of flow measurement shall meet +/- 5%. 

At this time, there are not any additional requirements that are anticipated. 

Requirements for Volumetric Flow Measurement 
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The requirements for volumetric flow measurement are stated in HNF-4155. A summary of these 
requirements is located in Appendix A of this document. 

4.6.2 Summary of “Waste Tank Slurry Technology Development and Testing Overview,” dated 
October 13,1999 by Ron Bafus, Numatec Hanford. 

Volumetric Flow measurement using magnetic flow meters has had good success at Hanford for years. 

4.6.3 Recommendation for Volumetric Flow Measurement 

The only additional recommendation is to specify embedded electrodes to eliminate exposure of 
electrodes to the waste. Otherwise, there are no changes anticipated for the method or technology to 
measure volumetric flow. Standard industrial magnetic flow meters and receiving devices (PLCs) 
exceed the requirements for volumetric flow measurement requirements stated in HNF-4155. 

4.7 

Mass flow measurement has been successfully implemented at Hanford with exception to the problems 
associated with entrained gas in the process stream. 

4.7.1 Requirements for Mass Flow Measurement 

Key requirements for mass flow, density, and temperature is: 

In-Line Mass Flow, Density, and Temperature Meter 

Mass flow accuracy must meet +/- 5% 
Density accuracy must meet +/- 5% 
Temperature accuracy must meet +/- 5 degrees F. 

At this time, no additional requirements that are anticipated. 

The requirements for mass flow, density, and temperature measurement at the transfer pump discharge 
are stated HNF-4155, Section 3.2.1.13. A summary ofthese requirements is located in Appendix A of 
this document. 

4.7.2 Summary of “Waste Tank Slurry Technology Development and Testing Overview,” dated 
October 13,1999 by Ron Bafus, Numatec Hanford. 

Coriolis mass flow meters have been extensively tested at various DOE facilities for sensing the bulk 
flow of slunies in pipelines and are highly recommended for flow rate and density measurements. The 
meter measures bulk density only. The present mass flow meter used at Hanford is the Micromotion 
ELITE CMF 300, and the accuracy of the meter is expected to be within 5 percent, if it is calibrated with 
water or a known slurry. The Coriolis type meters are not able to perform properly if gas bubbles are 
present in the waste stream. 
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The Endress + Hauser coriolis meter is more compact than the Micromotion meter, and would require 
less installation space. 

4.7.3 Summary of HNF-4379, “Conclusions to Waste Retrieval Sluicing System Campaign 
Number 1 - Solids Volume Transferred Calculation” dated June 29,1999. 

The mass flow meter calculates the percent solids being transferred in the slurry line and integrates this 
value over time to determine the mass of the solids transferred. The key inputs are the density of the 
carrier fluid (solids free) and the density of the solids. 

The primary method used to calculate the amount of solids transferred is based on the mass flow meter 
data with appropriate adjustments made for liquid density changes due to dissolution of solids. The 
mass flow meter solids transfer volume values are calculated using a solids free liquid specific gravity 
which must be estimated in advance. It is appropriate to check this value after each sluicing operation. 
If it is determined that the input values diverge significantly from analytical and densitometer data, it is 
appropriate to make adjustments to the mass flow meter solids transfer values. 

4.7.4 Recommendations for Mass Flow, Density, and Temperature Measurement 

Coriolis mass flow meters are not capable of measuring mass or density if there are entrained gas 
bubbles in the waste stream. Project W-521 will attempt to specify a pump that does not use nitrogen 
charged pump seals. 

If space becomes an issue in the pit, then the Endress and Hauser mass flow meter should be considered 
because of its smaller size. Standard industrial coriolis flow meters meet the requirements stated in 
HNF-4155. 

4.8 

Discharge pressure measurement has been successfblly implemented at Hanford. 

4.8.1 Requirements for Transfer Pump Discharge Pressure Measurement 

Key requirements include monitoring of transfer pump discharge pressure. Accuracy shall meet +/- 5% 
of process range. 

At this time, no additional requirements that are anticipated. 

The requirements for transfer pump discharge pressure measurement are stated in HNF-4155, Section 
3.2.1.14. A summary of these requirements is located in Appendix A of this document. 

Transfer Pump Discharge Pressure Measurement 
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4.8.2 Summary of “Waste Tank Slurry Technology Development and Testing Overview,” dated 
October 13,1999 by Ron Bafus, Numatec Hanford, Richland, Washington. 

The Red Valve Series 48 is the most widely used pressure sensor for measuring waste transfer line 
pressure at DOE sites. Its accuracy is +/- 1 percent of full scale. A capillary filled system is used so that 
the slurry is isolated from the pressure transmitter sensor. 

4.8.3 

The W-521 design will provide pressure measurement at the discharge of the transfer pumps. Pressure 
instrumentation will be specified in detailed design. Standard industrial pressure elements, transmitters, 
and receiving devices (PLCs) will meet the requirements stated in HNF-4155. 

4.9 Closed Circuit Television (CCTV) 

CCTVs have been used at Hanford for several years. Reference the W-521 CCTV Evaluation for 
further information related to requirements and recommendations. 

4.9.1 

Vendor Search for Small Camera System for  Project W-521, Waste Feed Delivery Systems, Report 
Number 990920203-016. Rev. 0. 

Recommendations for Transfer Pump Discharge Pressure Measurement 

Reference “W-521 CCTV Evaluation” that addresses requirements and recommendations. 

4.9.2 Summary of RPP-5687, Rev. 0, “Waste Retrieval Sluicing System and Project W-320, Tank 
241-C-106 Sluicing, Lessons Learned,” dated May 2,2000 by CH2M HILL Hanford 
Group, Richland, Washington. 

The imaging system used was very helpful initially, but degraded with the environment of the tank 
during flushing or sluicing. Consideration should be given to an infrared system to eliminate this 
problem and also to eliminate the lighting system required to facilitate the camera operation. In 
addition, an alternate imaging system access point should be considered. The present location did not 
provide a view of certain parts of the tank. 

1.9.3 Summary of RPP-6548, Rev. 0, “Preliminary Test Report 241-AZ-101 Mixer Pump Test,” 
dated July 17,2000 by CH2M HILL Hanford Group, Richland, Washington. 

While in service, the camera provided excellent input. The expected life of the camera was predicted to 
>e 2000 hours. As the camera was being panned, it was bumped into a thermocouple installed in a riser 
3djacent to riser 16B. The camera was removed, repaired, and returned to service. The camera failed 
For the second and last time three weeks after it was initially put into service. It was thought that the 
:amera failed due to moisture accumulation in the mast assembly. 
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4.9.4 Recommendation for CCTV 

Reference the W-521 CCTV Report, Vendor Search for Small Camera System for Project W-521, Waste 
Feed Delivey Systems, Report Number 990920203-016, Rev. 0. 

4.10 In-Line Viscosity Measurement 

There were several attempts, without success, to develop and test instrumentation that would be capable 
of measuring viscosity during waste transfers. 

4.10.1 In-Line Viscosity Measurement Requirements 

There are no in-line viscosity measurement requirements identified for Project W-521. 
There are no anticipated requirements for in-line viscosity measurement. 

4.10.2 Summary of “Waste Tank Slurry Technology Development and Testing Overview,” dated 
October 13,1999 by Ron Bafus, Numatec Hanford, Richland, Washington. 

Considerable testing of in-line viscometers has been conducted at SRS, OWL,  and Hanford over the 
last 15 years. No commercial device has been found acceptable. Two prototype devices cold tested by 
ORNL as part of CMST-CP have promising potential but need further development to become more 
reliable and to be able to operate under the conditions found in waste transfer lines. 

4.10.3 Recommendations to the In-Line Viscosity Measurement 

At this time W-521 is not considering in-line viscosity measurement as a viable parameter to measure. 

4.11 General Considerations 

This section is used to capture additional lessons learned from project W-320. 

4.11.1 Summary of RPP-5687, Rev. 0, “Waste Retrieval Sluicing System and Project W-320, Tank 
241-(2-106 Sluicing, Lessons Learned,” dated May 2,2000 by CH2M HILL Hanford 
Group, Richland, Washington. 

4.11.1.1. Booster Pump SeaVSeal Gas Control System Problems 

High gas injection rates caused problems for the sluny line mass flow meter. This was previously 
discussed in the mass flow meter section of this document. If possible, new pump designs should 
consider using water seals instead of gas seals. 

Installation of a differential pressure gas seal or water seal control system would overcome the need for 
manual adjustments to the seal gas pressure to account for various system operating pressure conditions. 
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The additional cost of a differential pressure controlled seal gas system would be offset many fold by the 
,eduction in the maintenance costs for manually adjusting the system. 

1.11.1.2. Expanded Computer Process ControUData Logging 

The human-machine interface, comprised of a desktop computer running Citech software, was added to 
he scope of the project late in the project's development. The computer system was added as a cost 
;avings measure. It was obvious that time could have been saved if additional process data were logged 
)y the system for subsequent analysis [i.e. booster pump inlet pressure and anips, winch height, sluice 
h i d  flow rate, Standard Hydrogen Monitoring System (SHMS) hydrogen levels]. 

1.11.1.3. Data Reports Available on the Internet 

'rocess control data from the sluicing operation was posted on a web page, which allowed for review by 
echnical experts to ensure that the Authorization Basis and Process Control Plan had been met. 

The W-521 RCS will have the capability to meet the suggestions listed above, Also, as previously 
nentioned, W-521 is working on specifying pump seals that do not incorporate gas seals. 

5.0 CONCLUSIONS AND RECOMMENDATIONS 

jurther analysis is required to determine if in-line density measurement from various pump suction 
evels during the waste feed delivery process would provide useful data. 

f space becomes an issue in the pit, then the Endress and Hauser mass flow meter should be considered 
)ecause of its smaller size. Standard industrial Coriolis flow meters meet the requirements stated in 
m - 4 1 5 5 .  

The instrumentation that will be specified will be a proven technology that meets the requirements of 
RSF-4155. 

The following is a recommended list of additions to the Project W-521 conceptual design based on the 
:onclusions from this evaluation. 

Project W-521 RCS should connect to the insulating concrete thermocouples. This will provide 
additional data that will be helpful in determining sludge mobilization. , 

If possible, W-521 should specify pump seals that do not require gas 

Project W-521 will monitor SHMS parameters for those tanks that have a SHMS installed. 
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The instrumentation that indicates the position of the mixer pump needs to be calibrated or 
biased before put in use in the tanks. This should be stated as a capability of the instrumentation 
and as installation criteria. 

e Reference the W-521 CCTV Report (Vendor Search for Small Camera System for Project W- 
521, Waste Feed Delivery Systems, Report Number 990920203-016, Rev. 0.) for 
recommendations. 

The additional costs associated with these activities have been accounted for in the overall estimate 
issociated with Subtask 14, Existing Interface Requirements. 
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WP-6548, Rev. 0,7-17-00, “Preliminary Test Report 241-AZ-101 Mixer Pump Test”, CH2M HILL 
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‘WASTE TANK SLURRY TECHNOLOGY DEVELOPMENT AND TESTING OVERVIEW’ dated 
October 13, 1999 by Ron Bafus, Numatec Hanford, and Richland, Washington. 

3NF-4155, Rev. 0,4-27-00, DST Monitor & Control Subsystem Specification, CH2M HILL Hanford 
Group, Richland, Washington. 

3NF-5145, Rev. 0,6-14-00, “High-Level Waste Feed Process Control Strategy”, CH2M HILL Hanford 
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This appendix is an excerpt from the document HNJ-4155, “DST Monitor & Control 
Subsystem Specification” which describes the equipment characteristics that are currently 
specified for instrumentation in project W-521. This specification is currently being 
revised, and it is anticipated that the new revision will be released in September 2000. 

3.2 CHARACTERISTICS 

This section contains the minimum requirements related to performance characteristics, 
physical characteristics, reliability, maintainability, environmental conditions, 
transportability, and flexibility and expansion. Minimum requirements are identified by 
SHALL statements, while design goals are identified by SHOULD statements. If a 
requirement with a “should” statement cannot be satisfied, justification of an alternative 
design shall be submitted to the Design Authority for approval. 

3.2.1 Performance Characteristics 

This Section contains requirements related to the functionality and performance 
capabilities for the DST Monitor and Control Subsystem. 

3.2.1.1 
characteristics for the following have not been determined as of yet: 

Monitor Double Shell Tank Structure Temperature. The performance 

3.2.1.1.1 Receive DST Structure Temperature. 

3.2.1.1.2 Compare DST Structure Temperature. 
- 

3.2.1.1.3 Record DST Structure Temperature. 

3.2.1.1.4 Display DST Structure Temperature. 

3.2.1.1.5 Respond to Off-Normal DST Structure Temperature. 
Y 

3.2.1.2 Monitor Double-Shell Tank Waste Temperature. 

The DST instrument and control component of the DST Monitor and Control Subsystem 
shall monitor DST waste temperature to determine if operating limits are being exceeded. 
Monitoring includes measuring tank waste temperature and transmitting the data to the 
DST Monitor and Control Subsystem and/or the Tank Monitoring and Control System 
(TMACS), which will receive, record, display, and compare the waste-level data with 
operational limits. 
Temperature sensor probes: 

I 

0 

Range: -10 to 200 “C (14 to 392 OF). These values may be revised. 
Resolution: 0.55 “C (1 OF) 
Loop accuracy: ? 2.8 “C (& 5 OF). 

K-24 
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3.2.1.3 

The DST instrument and control component of the DST Monitor and Control Subsystem 
shall monitor the DST liquid waste levels. Monitoring includes measuring waste levels 
and transmitting the data to the DST Monitoring and Control Subsystem and/or the 
TMACS that will receive, record, display, and compare the waste level data with 
operational limits: 

Range: 0- to 1072 cm (0- to 422 in.) AN, AP, AW, and SY tanks 
Range: 0- to 940 cm (0- to 370 in.) AY and AZ tanks 
Resolution: + 0.03 cm (0.1 in.) 
Loop accuracy: + 0.6 cm (1/4 in.). 

Monitor Double-Shell Tank Waste Level 
e 

3.2.1.13 Monitor Process Parameters for Waste Transfers 

3.2.1.13.1 
Monitor and Control Subsystem shall receive waste transfer flow rate data from Transmit 
Waste Transfer Flow Rate function. The DST Transfer Valving Subsystem shall provide 
the capability to measure and transmit the waste flow rate at the transfer pump discharge. 

3.2.1.13.2 
Control Subsystem shall compare waste transfer flow rate data received by the Receive 
Waste Transfer Flow Rate fimction to operational limits to initiate an alarm of off-normal 
flow andor provide automatic flow control, as required. 

Receive Waste Transfer Flow (RlassNolumetric) Rate. The DST 

Compare Waste Transfer Flow Rate Data. The DST Monitor and 

/-- 

a. Monitoring and control of the waste transfer flow rate will be programmed into 
the PLC, including proportional, integral, and derivative (PID) algorithms. 

b. Flow rate (mass flow and volumetric flow) loop accuracy shall be +5 percent of 
process range. 

3.2.1.13.3 
Subsystem shall record waste transfer flow data. 

Record Waste Transfer Flow Rate. The DST Monitor and Control 

a. The DST Monitor and Control Subsystem shall record transfer pump flow rate 
continuously (mass flow and volumetric flow). 

3.2.1.13.4 
Subsystem shall display waste transfer flow rate received by the Receive Waste Transfer 
Flow Rate function. The dynamic process and equipment operating data associated with 
waste transfer routes shall be displayed on the waste transfer annunciator set of master 
pump shutdown machine interface graphical screens. Flow-rate range is.0- to 757 L/min 
(0- to 200 gavmin). This value may be revised. 

3.2.1.13.5 
Control Subsystem shall respond to abnormal waste transfer flow which has not yet been 
determined. 

. 

Display Waste Transfer Flow Rate. The DST Monitor and Control 

Respond to Abnormal Transfer Flow Rate. The DST Monitor and 

A-3 
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3.2.1.14 Monitor Transfer Pump Discharge Pressure 

3.2.1.14.1 Receive Transfer Pump Discharge Pressure. The DST Monitor and 
Control Subsystem shall receive transfer pump discharge pressure from the Transmit 
Transfer Pump Discharge Pressure Data function. 

- 

a. The DST Transfer Valving Subsystem shall provide the capability to measure and 
transmit transfer pump discharge pressure. 

3.2.1.14.2 
and Control Subsystem shall compare waste transfer pump discharge pressure data with 
operational limits. Pressure loop accuracy shall be +_5 percent of process range. 

3.2.1.14.3 
and Control Subsystem shall record transfer pump discharge pressure data. The DST 
Monitor and Control Subsystem shall continuously record transfer pump discharge 
pressure. 

3.2.1.14.4 
and Control Subsystem shall display transfer pump discharge pressure data. 

Compare Transfer Pump Discharge Pressure Data. The DST Monitor 

Record Transfer Pump Discharge Pressure Data. The DST Monitor 

Display Transfer Pump Discharge Pressure Data. The DST Monitor 

a. The dynamic process and equipment operating data associated with waste transfer 
routes shall be displayed on the waste transfer annunciator set of master pump 
shutdown machine interface graphical screens. 

b. Pressure range is 0- to 5960 kPa (0- to 850 lbYin2). This value may be revised. 

3.2.1.14.5 
Monitor and Control Subsystem shall respond to abnormal pump discharge pressure. 

Respond to Abnormal Transfer Pump Discharge Pressure. The DST 

a. The transfer pump shall have a discharge pressure High-High interlock. 
_. 

3.2.1.15 Monitor Waste Transfer DensityRemperature 

3.2.1.15.1 
and Control Subsystem shall receive the Waste Transfer Density/Temperature Data from 
the Transmit Waste Transfer Density/Temperature Data function. 

Receive Waste Transfer DensitylTemperature Data. The DST Monitor 

a. The DST Transfer Valving Subsystem shall provide the capability to measure and 
transmit waste density (and temperature) at the transfer pump discharge. 

3.2.1.15.2 Compare Waste Transfer DensityITemperature Data. The DST 
Monitor and Control Subsystem shall compare waste density/temperature data with 
operational limits. .- 

A-4 
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a. Density shall have a loop accuracy of +5 percent of process range. 

b. Temperature shall have a loop accuracy of +2.8 OC (+5 OF). 

3.2.1.15.3 
and Control Subsystem shall record waste density data received by the Receive Waste 
Transfer Density/Temperature Data function. 

Record Waste Transfer DensityRemperature Data. The DST Monitor 

a. The system shall continuously record density and temperature of waste being 
transferred. 

3.2.1.15.4 
Maintenance and Control Subsystem shall display waste density/temperature data. 

Display Waste Transfer DensityRemperature Data. The DST 

a. The dynamic analog data associated with waste transfer routes shall be displayed 
on the waste transfer annunciator set of master pump shutdown HMI graphical 
screens. 

b. Density range is 0.9000 to 1.5000 gkm3 with an accuracy of 0.0005 g/cm3. This 
could be revised. 

c. Temperature range is -10 to 200 OC (14 to 392 OF) with an accuracy of +2.8 OC 
(+5 OF). - 

3.2.1.15.5 Respond to Abnormal DensityRemperature Data. The DST Monitor 
and Control Subsystem shall respond to abnormal waste densityhemperature, which has 
yet to be determined. 

3.2.1.18 

The DST Monitor and Control Subsystem shall provide data that will be used to perform 
material balance periodically during the waste transfer to determine that the amount of 
waste being delivered to the destination agrees with the amount of waste being removed ~ 

from the source tank. 

Perform Material Balance for Double-Shell Tank Transfers 

< 

a. Accuracy: +0.6 cm (+1/4 in.) in sending and receiving tank plus transfer line 
volume as applicable for tank level to tank level material balance. 

b. Accuracy: +5 percent of range for flow and +0.6 cm (+I14 in.) for level for 
totalized flow to tank level comparison. 

3.2.1.20 Operate Mixer Pump 

Transmit Operate Mixer Pump Command. DST Monitor and Control Subsystem shall 
transmit operate mixer pump command as a control signal input for initiating, modifying, 
or halting the mixer pump operation. This function is provided to the Receive Operate 
Mixer Pump Command function. - 

A- 5 
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_- 

e 

I 

a. All pump auto/manual, odoff, and stadstop selections and indications will be 
provided to the monitoring system. 

3.2.1.21 
shall provide indication of the mixer pump operational parameters. 

3.2.1.21.1 
Subsystem shall receive data from the Transmit Mixer Pump Operation Data function. 

Monitor Mixer Pump Operation. DST Monitor and Control Subsystem 

Receive Mixer Pump Operation Data. DST Monitor and Control 

a. Instrumentation shall provide the following monitoring and control functions for 
the mixer pump: motor speed and amperage, motor bearing temperature, motor 
stator winding temperature, turntable rotation and orientation, pump vibration, 
and nozzle discharge pressure. Signal scaling has yet to be determined. 

3.2.1.21.2 Compare Mixer Pump Operational Parameters Data. DST Monitor 
and Control Subsystem shall compare mixer pump operational parameters with 
operational limits. Interlocks will be provided to prevent equipment damage or harm to 
the environment or personnel (this implies that a pump parameter is compared with an 
operational limit). Operational limits have yet to be determined. 

3.2.1.21.3 
Subsystem shall record mixer pump operation data. 

Record Mixer Pump Operation Data. DST Monitor and Control 

a. The DST Monitor and Control Subsystem shall provide on-line historical and 
real-time trending (recording) of process parameters with report capability for a 
period of one week. 

3.2.1.21.4 
Subsystem shall display mixer pump operation data. 

Display Mixer Pump Operation Data. DST Monitor and Control 

a. The DST Monitor and Control Subsystem shall provide indication of monitored . 
parameters. Ranges and resolution have yet to be determined. 

c 

3.2.1.21.5 
Control Subsystem shall respond to off-normal mixer pump operational parameter by 
providing mixer pump shutdown interlocks. 

Respond to Abnormal Mixer Pump Operation Data. DST Monitor and 

a. Shut down mixer pump for the following reasons: 

Motor Vibration (High-High) 
Motor current (High-High) 
Motor winding temperature (High-High) 
Bearing temperature (High-High) 
Off-nonnal values which have yet to be determined. 
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h 

3.2.1.22 
determined. 

3.2.1.22.1 Receive Service Water Totalized Flow 

Double-Sbell Tank Utilities Function. These parameter have yet to be 

3.2.1.22.2 Compare Service Water Totalized Flow Data 

3.2.1.22.3 Record Service Water Totalized Flow Data 

3.2.1.22.4 Display Service Water Totalized Flow Data 

3.2.1.22.5 Respond to Abnormal Service Water Totalized Flow Data 

. 
.. 
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Appendix B 
W-521 Mixer Pump 1 (Riser 1C) Fixed Position ECR Testing Results Table and 

W-521 Mixer Pump@) Oscillating ECR Testing Results Table 
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c 

TabJe 5. Mixer Pump 1 (Riser IC) Fired Position ECR Testing Results 
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19 1 Insulnting Concrctc I 37.4 [Pump I ]  1 1 

Table 6. Mixer Pump(s) Oscillating ECR Testing Results 

I I -  I 
... 

18* 1 Insulating Concrrre 1 37.4[Pump 21 I 145.6 

~ 

Distance from Starling Ending 
Mixer Pump Thermocouplc Thermocouple 

Type Center Line Tcmperaturc Temperature 

142.9 142.2 

Ending 
Solution 

Temperature 
I 

. .  . .  
. . . .  . . . . . . .  ..... . . . . .  . . . . . .  .hfixer hrnp i-'OscilIa,ing.at,iOO $&:; :.::. . . . . . . . . . . . . . . . . .  j :  ., .:.:. .. . . . .  . <  

I I I . . .  I .... ......... 
. . .  . .  . . .  bfixei Pump 1.- ~ s c i ~ l a t i n g  a t  Maximum speed' . .  

Notes: 
' This thermocouple was prevjouslycleared when pumps I & 2 were oscillaling loo0 rpm. 

(section 53). This thermocouple did clear while performing the settling testing section of the 
OTP. Temperatures reflected arc during wiling testing. 

. .  
This thermocouple did not clearduiing the section of the OTP being performed for ECR testing 

. .  ..-- 
J . L . ~  Ahiniuii i  Siuu'ge Swp,c~i&it 

Zciciiii;iiLig i h  vduiuc eii; cuiacciiiiiliiuii u;biu;g.a suspa idr j  by.vpcrsiiun uiiiiinrr 
pumps at maximum speed is based primarily.on .., lahoratory~analysis . .  of grab sqnples. Grab 
sample event 4,  5 And 6 wcrc acquired after opewtion of both mixerpumps at maximum speed 
for at  las t  a24-hour period. Completed laboratory analysis of these grab samples providing 
quanfilative estimates of the maximum sludge mobilization w s  not yet available during 
prep:iration of this preliminary report. Quantitativc interpretation of instrhentation readings 
takcn during the lest will also require quantitative comparison to the future laboratory malyses. 

i ' 

. . .  . . . . .  . . . .  .... . ,..._ . . . . .  . . . .  . . . . . . .  . .  .:,. ......... . . . . .  .~ . .  
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Appendix C 
W-521 Graphs for URSILLA, SSP, and GAMMA Monitoring 
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Figure 18. SSP Solids Concentration During Settling Testing (8-18 Hours .Mer Pump Shutdohm) 
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Figure 17. SSP Data for Suspension Testing at Various Pump Conditions 
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1.0 INTRODUCTION 

Project W-521 will install new transfer pumps, mixer pumps, camera systems, and instrumentation in 
several tanks associated with waste feed delivery. To support this activity, much of the currently 
installed in-tank equipment will need to be removed and disposed of. It has been determined that much 
3f the Long-Length Contaminated Equipment (LLCE) will be disposed of using the LLCE disposal 
system. This system comprises a cradle to grave process for the retrieval, characterization, packaging, 
treatment, and disposal of radioactive mixed waste removed from tanks. Long-length equipment is 
iefined as components greater than 12 A in length that cannot be placed in a standard burial box without 
xtting. The current CDR cost estimates assume that a large amount of “consumables” are required for 
:ach LLCE item to be removed. 

1.1 Purpose 

The purpose of this document is to: 

, Refine the list of items to be removed from each tank based on the results of other ACD tasks. 

Evaluate the existing LLCE system and determine if improvements in equipment design or 
operating philosophy could be made which would reduce project costs. 

Identify components that could more cost effectively be disposed in standard burial boxes rather 
than via the LLCE disposal system thereby reducing project costs. 

1.2 Scope 

The scope of this document includes evaluation of the LLCE system as it pertains to the in-tank 
:quipment identified for removal by the W-521 project in the tanks listed below. 

241 -AW- 101 
1 24 1 -AW- 103 
, 241-AW-104 

24 1 -AY - 10 1 
241 -AY- 102 
24 1 -SY- 101 

I 241 -SY-102 
241-SY-103 
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2.0 METHODOLOGY 

The approach used to accomplish the overall task involved dividing the work into the subtasks described 
below. 

. 

. 

. 

. 

I 

3.0 

Identify Equipment to be Removed - Project costs associated with removal of in-tank equipment 
is dependent on the quantity and type of equipment being removed. A comprehensive equipment 
removal list was compiled. 

Identify Removal Method - The cost associated with removal and disposal of in-tank equipment 
depends on the retrieval method used. The equipment identified for removal was evaluated to 
determine the optimum method of retrieval. 

Determine Configuration of Associated RiserPit - The risedpit configuration associated with 
LLCE determines the LLCE System components required to perform a specific retrieval 
operation. Applicable configuration drawings were refined. 

Identify the primary LLCE System Components Required - Each item of LLCE being removed 
requires a specific configuration of LLCE system components. This configuration depends on 
the riserlpit size and the type of equipment being removed. A list of the primary LLCE system 
components required for each LLCE identified for removal was compiled. 

Evaluate Identified LLCE System Components - The LLCE system components were 
individually evaluated to determine if improvements could be made that would reduce the 
project costs associated with LLCE removal. The primary goal was to minimize the amount of 
consumables required through component standardization and changes in operating philosophy. 

ASSUMPTIONS 

f i e  following assumptions were used in the development of this report: 

. Equipment that is waste intrusive or was previously waste intrusive is assumed to be radioactive 
mixed waste; 

Equipment that is dome intrusive, but not waste intrusive, and has not come into contact with 
tank waste will be treated as radioactive waste (not mixed waste) and disposed of in burial boxes 
using standard Tank Farm bagging and disposal procedures; 

, Equipment that is dome intrusive but not waste intrusive but has come into contact with tank 
waste will be treated as radioactive mixed waste and disposed of in burial boxes using standard 
Tank Farm bagging and disposal procedures. 

HND Team Page 2 
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4.0 DISCUSSION 

4.1 LLCE System Overview 

Prior to mobilization of any equipment, preliminary characterization of the waste LLCE will be 
performed. The most recent tank waste characterization information along with the physical attributes 
of the equipment to be removed will be processed in the PC-based LLCEDATA program. This program 
will identify the proper burial container and Flexible Receiver Assembly (FRA). This program will also 
prepare a data file that will be used in conjunction with radiological assay data gathered during 
equipment retrieval to confirm that the waste falls within the bounds established in the LLCE Waste 
Certification Summary. Waste will be classified as radioactive mixed waste or transuranic mixed waste 
(TRUM). 

Retrieval of LLCE is accomplished using a mobile crane and a FRA. This system provides a means of 
remotely retrieving equipment from a riser into a flexible receiver bag, which is sealed and “double 
bagged” on the bottom end. A spray wash assembly washes the equipment externally with a 3,000 psi 
hot water spray prior to the equipment entering the FRA. Equipment such as pumps is flushed internally 
after being raised above the waste level. A gamma assay is performed along the length of the equipment 
as it is being removed. This data is used to verify the waste classification of the equipment being 
removed. Figure 4-1 provides a diagram of the FRA System. 

Two sizes of FRAs have been designed. The 4/6-in. device is for use on small, above grade risers 
containing such equipment as thermocouple trees and instrumentation trees. The other 42-in. unit is for 
use on larger risers (12-in., 34-in., and 42-in.) contained in pits that hold equipment such as transfer and 
mixer pumps. 

The FRA system uses platforms and adapters, to conform to the varying physical configurations found at 
the different Tank Farms and Double-Contained Receiver Tanks. 

The LLCE Receiver Trailer (Figure 4-2) will be positioned in the Tank Farm adjacent to the crane and 
FRA. Its function is to receive the bagged equipment in a half-shell skid assembly while it is still in a 
vertical position, transition it safely to a horizontal position, and act as the vehicle to move the 
equipment to a location for packaging. 

Once waste equipment is transitioned to horizontal, the Receiver Trailer is moved to a nearby 
packaginghtaging area where the LLCE Transport Trailer (Figure 4-3) is located with a burial container 
secured in place. Nine container sizes have been identified to contain at least 98 percent of all LLCE. 
Eight of the nine sizes of containers have been designed and tested. The two trailers are remotely 
aligned and a tug assembly moves the equipment and skid into the polyethylene burial container. The 
container lid is then positioned and welded in place using electrical heating elements incorporated into 
the container lid. 

HND Team Page 3 
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ASSAY EQUIPMENT SUPPORT LNIT 

Figure 4-1. FRA System. 
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Figure 4-2. LLCE Receiver Trailer. 

Figure 4-3. LLCE Transport Trailer. 
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The data file output from the FRA gamma assay equipment compiled during retrieval is input with the 
LLCEDATA computer program output data into the LLCECALC program. This program analyzes the 
information to verify and ensure compliance with transportation and disposal requirements specified in 
the Safety Analysis Report for Packaging, and the Waste Certification Summary. 

As long as the LLCECALC program verifies that the waste is not suspect TRUM and that excess 
hydrogen gas will not be generated, the waste item can be treated per Resource Conservation and 
Recovery Act of 1976 (RCRA) requirements for disposal in the mixed waste landfill trenches located in 
the 200 West Area. “Macro-encapsulation” has been determined to be the most cost effective treatment 
approach (ARES 1998). This process involves filling the polyethylene burial container with low-density 
perlite grout to completely encase the LLCE. Then the grout and vent ports are sealed and leak tested 
and the package is ready for shipment to the mixed-waste trench. 

The Transport Trailer holding the disposal container has been specially designed to accommodate the 
heavy load associated with a grout filled container and to maneuver through the Site roads. This is 
accomplished through the use of multiple axles with steerable bogey’s on the rear. 

A SARP has been released for the family of burial containers that provides a single safety analysis for 
the transport of containerized LLCE waste. The SARpbounds the waste that may be transported for 
routine operations. If contamination levels or constituents are found to exceed the bounding limits of 
the SARP, an Engineering Change Notice will be written against this document or a single use Safety 
Evaluation for Packaging (SEP) can be generated prior to shipment. These documents place vehicle 
speed, environmental, and administrative controls on the transport process. 

The destination for transport is dependant upon the results of the LLCECALC program. If the waste 
turns out to be suspect TRLJh4, or hydrogen generation rates are too high, it cannot be disposed in the 
mixed-waste trench. In this case, it will be taken to the Central Waste Complex for storage and eventual 
alternative treatment. Equipment will be extensively flushed internally and externally (if component 
internals are exposed to the waste) and assayed. Washing will continue until LLCE is below TRU limits 
therefore, equipment removed is not expected to have this classification. Equipment that is determined 
to not be TRUM will be transported directly to the mixed-waste trench. The majority of the waste will 
be off-loaded into one of the two existing mixed-waste trenches. A more complete description of the 
LLCE process is contained in the LLCE Disposal Process Path Document (ARES 1998). 

1.2 System Evaluation 

1.2.1 

New equipment and components will be installed in the tanks within the scope of Project W-521. 
2riteria was developed by the project for determining which existing in-tank components would require 
*emoval. Factors such as the future role of existing equipment, effects of mixer pump forces, and 
wailable riser space, and were considered primary in making these determinations. The following is a 
iiscussion of this criteria: 

In-Tank Equipment to be Removed 
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Component Made Obsolete 

New transfer pumps, mixer pumps, cameras, and thermocouple trees are being installed in the 
tanks to ensure reliable waste feed delivery. This new equipment will in some cases perform the 
same function as existing installed equipment. The existing equipment will be obsolete and 
considered waste at this point, requiring removal. Installed equipment that was abandoned in 
place prior to this project will not be removed unless the riser space is needed for Project W-521 
equipment. 

Impingement Forces 

New mixer pumps are being installed in the tanks associated with this project. These pumps are 
capable of generating significant forces, due to jet impingement, on waste intrusive equipment in 
the vicinity of the pumps. An impingement force study was performed ("D 2000a) to 
determine the affects of theses forces on the existing components as well as on the new 
equipment being installed by this project. Existing components that were determined to be at 
risk of being damaged by the impingement study are identified for removal in this report. 

Riser Needed 

The new equipment being installed by this project (mixer pumps, cameras, thermocouple trees, 
etc) requires a larger diameter riser, in most cases, than the equipment being replaced therefore, 
it will not be possible to do a one for one replacement of components using the same risers. 
Previously abandoned'obsolete equipment or equipment installed in an oversized riser ( i s .  4-in. 
level indicator installed on a 6-in. riser) was identified for removal if the riser is required for a 
Project W-521 component. 

Jsing these criteria, a total of 54 items will require removal by the W-521 project. A mixer pump 
effectiveness analysis (HND 2000b) was performed to determine the effect of the remaining existing in- 
tank components and the new project installed components on the mixer pump performance. The 
detailed list of components identified for removal is contained in Appendix A. 

4.2.2 Removal Method 

Two primary methods of removing in-tank contaminated equipment have successhlly been used in 
Tank Farms - manual removal and LLCE system. The manual method of removing equipment is 
routinely performed by Tank Farm Operations for small items. It involves pulling the equipment into a 
plastic bag or sleeve and then manually shearing the equipment if necessary, td allow disposal in a 
standard burial box. This method of removal is less expensive from a material and equipment 
standpoint and generates less secondary wastes than the LLCE System but involves more risk to 
personnel. For removal of non-waste intrusive equipment ( i t .  cameras, slurry distributors, shield plugs) 
within the scope of the W-521 project, the risk to personnel is relatively low because contamination 
levels are low; therefore, for this type of equipment using the manual removal method is deemed 
appropriate. Waste-intrusive equipment such as instrument trees and pumps could in some cases be 
removed using the manual method; but due to the greater risk associated with equipment with a potential 
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;or residual contamination, it was determined that this type of equipment will be removed via the LLCE 
system. 

The configuration of each piece of equipment identified for removal was evaluated to determine the 
nost appropriate method of removal and disposal. This evaluation has determined that 37 items will be 
.etrieved with the LLCE System and 17 will be retrieved using manual methods. Table 4-1 contains a 
summary of the equipment identified for removal along with the removal method. 

1.2.3 Configuration of Associated Riser/Pit 

The LLCE System requires the use of adapters to interface with the applicable pits and/or risers; 
herefore it was necessary to determine the riseripit configuration for each piece of equipment identified 
’or removal. With respect to the equipment being removed by project W-521, slurry distributors and 
lumps are the only in-tank equipment currently installed in pits. In-tank instrumentation, drywells, and 
:ameras are installed in tank risers. 

The central pump pits in 241-SY and 241-AW are of the same size and configuration. The sluice pits 
md pump pits in 241-AY are the same within the farm but different from the configuration found in 
!41-AW and 241-SY. All of the waste-intrusive instrumentation and Liquid Observation Wells (LOWS) 
)eing removed by this project are located in 4” diameter risers. A list of the applicable riser and pit 
Irawings associated with each piece of equipment being removed is contained in Appendix A. 

1.2.4 

The Receiving/Transport trailers, Groves crane, control trailer, assay equipment, and water pump trailer 
Io not vary with equipment being removed and will be moved to the appropriate tank farm as needed. 

Primary LLCE System Components Required 

012 I 42 1 Slurry Distributor 1 Burial Box 
014 4 1 Liquid Observation Well I LLCE System 

Tank 241-AW-104 
nn5 I 17 I TrrencfPr Pllmn I I 1  CF Svctem _.. ~ . - , 
(106 I 4 ’ Thermocouple Trcc LLCE System 

o m  I 42 42“Shicld Plug I Burial BOA 

(l(l7 42 J2”Shicld Plug Burial Bok 

012 42 Slum Dicrributor I B u r i d  Box 
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Other components of the LLCE system, including the FRA, Platform Assemblies, Adapter Assemblies, 
receiver bags, etc. vary in design andor configuration depending on the equipment being removed. 
Original cost estimates included the replacement of many of these components for each LLCE item. To 
evaluate the possibility of using some of these components for multiple equipment removal operations it 
was necessary to determine the specific components required for each LLCE being removed. 

All of the instrumentation being removed by this project is installed in 4-in. risers therefore the same 
FRA, Washer Assembly, and Split Spool (when needed) designs can be used in 241-AW, 241-AY, and 
241-SY. The LOWS are installed in 6411. risers therefore the same FRA design can be used but a 
different Washer Assembly will be required. The receiver bag length varies depending on the specific 
equipment being removed. 

The pump pits in 241-AW and 241-SY are of the same size and configuration therefore the same FRA 
and Platform Assembly design can be used in both farms. The sluice pits in 241-AY are of a different 
size and configuration and therefore will require a different Platform Assembly than used in 241-AW 
and 241-SY. There are variations in the pump designs and in-pit interferences between the different 
tanks, therefore various Adapter Assemblies, and receiver bags will be required. Appendix A provides a 
list of the unique LLCE system components associated with each piece of equipment identified for 
removal. 

The following equipment removals in 241-SY-101 and 241-SY-102 will require special consideration 
due to the unique nature of the equipment: 

The hydrogen mitigation mixer pump is installed in 241-SY-101, Riser 13. Manual disassembly of 
non-contaminated portions of the pump (external support structure, motor, rotator assembly, etc.) 
and removal of the support equipment contained in the central pump pit will be required prior to 
using the LLCE system. 

A new generation transfer pump is installed in an above ground pump pit located in 241-SY-101, 
Riser 7. New LLCE system components will need to be designed to allow the LLCE system to 
interface with this unique pit. After the pump is removed, the above ground pit and associated 
support structure will also need to be removed and disposed of using manual methods. 

An Anti-Siphoning Slurry Distributor (ASSD) is installed in a containment enclosure in 241-SY- 
102, Riser 7. The containment structure also serves as an adapter between the 42411. riser and the 
waste intrusive ASSD. New LLCE system components will need to be designed to allow the LLCE 
system to interface with this unique riser configuration. After the ASSD is removed, the 
containment structure will need to be removed and disposed of using manbal methods. 

The LLCE system has the capacity to remove these components, although new adapters and equipment 
will need to be designed to allow the system to interface with these unique configurations. 
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1.2.5 LLCE System Component Evaluation 

The components that are of concern from a cost perspective are the ones that were initially identified, 
and estimated, as “consumable,” either because it was felt that they would become excessively 
:ontaminated or because they may be unique to a specific equipment pull. These components include 
the FRA, Adapter Assembly, Platform Assembly, and Washer Assembly (Figures 4-4 and 4-5). 

[t should be possible to use the same FRA for multiple equipment pulls throughout tank f m s  as is 
voutinely done with other internally contaminated equipment (is .  Core Sampling Trucks, casks, portable 
:xhausters, etc). 

r RECEIVER BAG 

FLEXIBLE RECEIVER 
ASSEMBLY 

. PLATFORM ASSEMBLY 

Figure 4-4. 42-In. LLCE System for Equipment in Pit. 
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WASHER ASSEMBLY 

Figure 4-5. 4/6-In. LLCE System for Equipment in Riser. 

he Receiver Bag, Burial Container Equipment Skid, and Disposal Container &e also considered 
snsumable but since these items are disposed with the waste equipment, and their costs are relatively 
iinor, further evaluation for cost reduction was not performed. 

.2.5.1 Flexible Receiver Assembly 

he FRA provides a means of remotely retrieving equipment from a riser into a flexible receiver bag, 
id remotely sealing the bottom end. The FRA also performs a gamma assay along the length of the 
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equipment as it is being removed. Two sizes of FRAs have been designed. One 4/6-in. assembly is for 
use on small risers containing such equipment as thermocouple trees and instrumentation trees. This 
assembly is equipped with load bearing, adjustable legs that ensure FRA loads are not transmitted to the 
tank riser. The 42-in. assembly is designed for use on larger risers contained in pits that hold such 
equipment as transfer and mixer pumps. The 42-in. FRA requires the use of a Platform Assembly to 
interface properly with the pump pit. 

The FRA is designed to be reusable. This is accomplished by minimizing the surface area exposed to 
the contaminated equipment, the use of highly polished, primarily stainless steel, surfaces to facilitate 
decontamination, and modular construction to facilitate maintenance. In addition, contamination levels 
on equipment being removed are minimized by the use of a high-pressure spray hot water wash prior to 
the equipment entering the FRA. It should be possible to use the same FRA for multiple equipment 
pulls throughout tank farms as is routinely done with other internally contaminated equipment (i.e. Core 
Sampling Trucks, casks, portable exhausters, etc). Contamination within the FRA could be reduced, if 
necessary, by the use of easily strippable coatings or disposable plastic liners. 

A combination of instrumentation and transfer pumps will be removed from each tank in the scope of 
this project, therefore both a 4/6-in. and a 4241. FRA will need to be used on each tank. It was 
originally estimated that two FRAs, one of each size, would be required for each tank requiring 
equipment removal, therefore a total of sixteen FRAs would need to be built and disposed. Based on the 
contamination control features previously mentioned, it should be possible to control contamination 
within the FRA to a level that would permit transporting the FRA between farms. However, due to the 
projected duration of this project (18 years), it is doubtful that one set of FRAs could be maintained in 
good operating condition throughout the entire project. Therefore, it is conservatively estimated that one 
4/6-in. and one 42-in. per farm will be required per FRA. This reduces the total number of FRAs 
required for project W-52 1 to three 416411. assemblies and three 42-in. assemblies. 

4.2.5.2 Adapter Assembly 

The Adapter Assembly is used only on 42-in. FRAs (See Figure 4-4), in conjunction with the Platform 
Assembly, and provides containment between the pit riser and the FRA. A bellows assembly, inflatable 
bottom seal, and various spool lengths allow the adapter to fit tightly between the Platform Assembly 
and the pit floor. The assembly also contains a high pressure spray wash ring to minimize external 
contamination on the equipment being removed. 

The Adapter Assembly is application specific due to variations in pump design and interferences within 
the pit. The same Adapter Assembly design used for removing the transfer pumps in 241-AW could be 
used to remove two of the pumps in 241-SY. The 241-SY-101 mixer pump and the 242-S feed pump, 
located in 241-SY-102, require the use of different adapters. The small footprint and increased depth of 
the 241-AY sluice pit necessitate the need for an Adapter Assembly that is integrated directly into the 
Platform Assembly. Thus, a minimum of four separate types of Adapter Assemblies will be required by 
the Project. 

It was originally assumed that one Adapter Assembly would be needed for each pit identified for 
equipment removal. Although the Adapter Assembly could potentially be reused, the cost to 
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decontaminate this assembly to an adequate level to allow multiple uses may exceed the cost of this 
item. This is due to the fact that equipment being pulled from a riser first enters this portion of the FRA 
and is washed in this area. In addition, existing equipment in the pits may cause interferences that 
require modifications for each pit. Because of this, the original assumption of one Adapter Assembly 
per pit has been determined to be correct. The total number of Adapter Assemblies required for W-521 
is thirteen. 

4.2.5.3 Platform Assembly 

The purpose of the Platform Assembly on the 42” FRA (see Figure 4-4) is to provide a temporary cover 
for the pit and to provide an interface between the pit, the Adapter Assembly, and the FRA. The 
Platform Assembly is equipped with restraint brackets that allow the platform to be precisely positioned 
and secured in the proper location on the pit. The restraint brackets also allow the Platform Assembly to 
accommodate slight variations in pit size. 

The central pump pits in 241-AW and 241-SY are of the same size and configuration therefore the same 
Platform Assembly design can be used for both of these farms. An above ground pump pit was added to 
241-SY-101, Riser 7, which will require a unique Platform Assembly design. In 241-AY, the in-pit 
equipment being removed using the LLCE System, is installed in sluice pits. All of the sluice pits in 
241-AY are the same size but are of a different size and configuration than the central pump pits in 241- 
AW and 241-SY, therefore a minimum of three different Platform Assembly designs are required by the 
project. The designs for two of these Platform Assemblies have already been completed and the 
applicable drawings are listed in Appendix A. 

It was originally estimated that one Platform Assembly would be required for each tank, therefore it 
would be necessary to build and dispose of eight Platform Assemblies. The Platform Assembly is not 
expected to become significantly contaminated during use because it does not directly contact the 
contaminated equipment being removed and is protected from washdown spray by the Adapter 
Assembly. Based on the low chance of the Platform Assembly becoming significantly contaminated 
and the small variations in pit sizes within each farm, only one Platform Assembly per farm is required 
for 241-AW and 241-AY. Due to the above ground pump pit in 241-SY, two Platform Assemblies will 
be required in this farm. This reduces the total number of Platform Assemblies required for project W- 
521 to four. 

4.2.5.4 Washer Assembly 

The Washer Assembly is used in conjunction with the 416411. FRA (see Figure 4-5) and provides a 
containment path between the riser and the FRA. A bellows assembly prevents the FRA from 
transmitting loads to the tank riser. The assembly contains a spray wash ring to minimize external 
contamination on the equipment being removed. Designs currently exist for a 4-in. and 6-in. Washer 
Assembly. 

The Washer Assembly is designed to be reusable. The internal surfaces are highly polished surfaces to 
facilitate decontamination. It should be possible to use the same Washer Assembly for multiple 
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Squipment pulls throughout tank farms as is routinely done with other internally contaminated 
Squipment (Le., Core Sampling riser adapters, foot clamps, casks, etc). 

The instrumentation and LOWS that will be removed from 241-AW, 241-AY, and 241-SY are all 
installed in 4-in. risers, therefore only the 4-in. Washer Assembly will be needed for these farms. The 
4nti-siphon Sluny Distributor (ASSD), located in 241-SY-102, will require the use of a 6-in Washer 
4ssembly. 

:t was originally estimated that one Washer Assembly would be required for each above ground riser 
.equiring equipment removal, therefore a total of thirteen assemblies were determined to be fabricated 
md disposed. Based on the design of this assembly, it should be possible to control contamination 
within the Washer Assembly to a level that would permit transporting the assembly between farms. But 
is in the case of the FRA, it is doubtful that one Washer Assembly could be maintained in good 
)perating condition throughout the entire project. Therefore, it is conservatively estimated that one 4-in. 
issembly will be required for 241-AW and 241-AY. One 4-in. and two 6-in. assemblies, which includes 
)ne spare 6-in. assembly, will be required for 241-SY. This reduces the total number of Washer 
4ssemblies required for project W-521 to three 4-in. assemblies and two 6-in. assemblies. 

1.2.6 LLCE System Component Inventory 

The modified Grove crane and ReceivedTransport Trailer system, have already been procured and will 
le shared by the W-211 and W-521 projects. The W-521 project will provide a control trailer, assay 
:quipment, and water pump trailer as well as all of the associated support equipment (water hoses, lift 
jokes, control cables, etc). The W-521 project will need to account for the costs associated with 
naintaining and refurbishing of the shared equipment as well as spare parts, maintenance and 
.ehrbishment of the FRAs, control trailer, and pump equipment throughout the project duration. 

rable 4-2 provides a comprehensive inventory of the primary, LLCE system components that need to be 
;upplied by W-521 project. Although some of these components are already built, it is unlikely that 
hey will be available and in operable condition when needed by the W-521 project. 
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Table 4-2. Required Inventory of Consumable LLCE System Components 
LLCE Component Quantity Required 

Control Trailer 1 
Assav Eauivment Set 1 

I 1 Water Pump Trailer 
416411. FRA 3 

42-in. FRA 3 
Adapter Assembly 13 
Platform Assembly 4 

4-in. Washer Assembly 3 
6-in. Washer Assemblv 2 

I 30 4/6-in. Flexible Receiver Bag 
42-in. Flexible Receiver Bae 13 

26-in. Diameter Burial Container 30 
54-in. Diameter Burial Container I 12 

I 67411. Diameter Burial Container I 1 I 

i.0 CONCLUSION 

'he W-521 CDR Outline Specification, in conjunction with the results of the mixer pump impingement 
tudy and further refinement of the in-tank equipment needs, was used as a basis for developing a 
omprehensive equipment removal list. It has been determined that a total of 62 items will require 
emoval by the W-521 project, this number is increased from 49 items in the original CDR estimate. 

%e LLCE System and manual removal are the primary methods of removing in-tank contaminated 
quipment at Tank Farms. For removal of non-waste intrusive equipment (i.e., cameras, sluny 
listributors, shield plugs) within the scope of the W-521 project, the risk to personnel is relatively low 
herefore using the manual removal method was deemed appropriate. Waste-intrusive equipment such 
s instrument trees and pumps will be removed via the LLCE System due to the greater associated risk 
i t h  removing this type of equipment. This evaluation has determined that 43 items will be retrieved 
gith the LLCE System and 19 will be retrieved using manual methods. 

.he primary LLCE System components required for each piece of equipment identified for removal 
$ere evaluated to determine if improvements could be made that would reduce the project costs 
ssociated with LLCE removal. From this evaluation it was determined that the pits and risers 
ssociated with the LLCE within the scope of the W-521 project are of similar configuration, therefore 
dditional flexibility is not required in the LLCE System design. In addition the current equipment 
esign incorporates features that facilitate decontamination. Based on the configuration of the pitdrisers 
nd the equipment design, it will be possible to re-use much of the LLCE System components that were 
riginally assumed to be consumable. One Receiver Bag, equipment skid, and Disposal Container are 
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;till required for each piece of in-tank equipment identified for removal. Table 5-1 summarizes the 
lifference in the quantity of consumables based on the results of this evaluation. 

Table 5-1. Reduction of LLCE Consumable Components 
LLCE Component Original CDR Revised ACD 

Quantity Quantity 

FRAs 16 6 

I I 12 Adapter Assemblies 11 

Platform Assemblies 8 4 

I Washer Assemblies I 13 I 5 

Re hydrogen mitigation mixer pump, new generation transfer pump, and the ASSD, located in 241-SY- 
101 and 241-SY-IO2 will require special consideration and additional project cost due to the unique 
,emoval challenges. 

i.1 cost  

The cost reduction associated with these additions is shown in Table 5-2. 

Table 5-2. Cost 
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Appendix A 
W-521 In-Tank Equipment Removal Matrix 
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1.0 INTRODUCTION 

Project W-521, Waste Feed Delivery (WFD) Systems, provides an integral part of the retrieval and 
transport systems needed to deliver the waste to the Waste Treatment Facility (WTF). A variety of 
project and expense-funded activities supply other portions of the retrieval and transport systems. The 
River Protection Project (RPP) requires that several projects work together to achieve a common goal. 

Project W-314 is currently designing a general service Tank Farm Local Area Network (TFLAN), that 
will be used as a backbone control system communications network for the new Master Pump Shutdown 
(MPS) system and other RPP monitor and control systems including the W-521 Retrieval Control 
System (RCS). 

1.1 Purpose 

The purpose of this task is to improve the W-521 RCS design and identify any issues that may affect 
technical capabilities andor cost specifically related to the integration of the RCS with other monitor 
and control systems. 

1.2 Scope 

From the "Advanced Conceptual Design Work Plan": 

This task involves reviewing existing requirements for interfacing with the TFLAN, refining these 
requirements and applying these refinements to the W-521 RCS design. 

Activities to be performed as part of this task: 

Review Double-Shell Tank Monitor and Control Subsystem Specijcation, HNF 4155, REV. 
1, (DRAFT), 
Review international society for measurement and control (ISA) standards for applicability 
to the W-521 RCS design, and 
Refine Double-Shell Tank (DST) Monitor and Control TFLAN interface requirements. 

One additional activity that will be completed as part of this task is to revise the RCS System Design 
Description (SDD) based on the requirements listed in HNF 4155, REV. 1, (DRAFT). Upon the initial 
review of the HNF 4155, REV. 1, (DRAFT), it was apparent that the RCS SDD should be revised to 
:apture new requirements. Also, it should be noted that the SDD completed during conceptual design 
ximarily utilized other draft level 2 specifications and draft process control strategies for design 
requirements. A new revision of HNF 4155, REV. 1, (DRAFT) was reviewed and will be released 
around the end of this fiscal year. Project W-521 will work closely with the author of HNF 4155, REV. 
1, (DRAFT) to ensure timely completion of the W-521 RCS SDD. 
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2.0 METHODOLOGY 

A review of the latest draft of HNF 4155, REV. 1, (DRAFT), Double-Shell TankMonitor and Control 
Subsystem Specijication was performed in order to determine any new requirements for instrumentation, 
monitoring and control. 

A new revision of HNF-4155, Rev. 1, (DRAFT), was being circulated for final approval during the 
completion of the advanced conceptual design phase. It was decided during the advanced conceptual 
phase that the HNF-4155, Rev.l(DRAFT) contained the necessary refinement and additional detail to 
more effectively support the advanced conceptual design effort. 

Interviews were also conducted and input obtained from tank farm subject matter experts pertaining to 
the scope of new projects and existing hardware configuration. 

3.0 ASSUMPTIONS 

A Central Monitoring System (CMS) will be designed and installed prior to the W-521 RCS becoming 
operational. The CMS will design and implement an interface between TFLAN and Tank Monitoring 
and Control Systems (TMACS), allowing systems that are connected to TFLAN the capability to read 
TMACS data. The current draft version of RPP Functions and Requirements for Tank Farms 
Monitoring and Control Systems will be revised to primarily focus on the requirements of the CMS. If 
the TFLANiTMACS interface is not completed then W-521 will connect signals to RCS as required. 

TMACS is a safety significant system. 

The TFLAN will be a general service system. Project W-314 is currently designing the TFLAN as 
Eeneral service. 

4.0 DISCUSSION 

The RPP monitor and control systems encompasses all of the Tank Farms and supporting systems 
including current monitor and control systems and future systems. The DST Monitor and Control 
Subsystem consists of new and existing equipment that will be used to provided tank farm operators 
with an integrated local monitoring and control of the DST systems to support WFD. 

8.1 

Zeference Advanced Conceptual Design Report, Existing Instrumentation Intei$ace Refinement for 
Droject W-521, Waste Feed Delivery Systems. This document discusses the TMACS parameters that 
will be received by the RCS via TFLAN. 

1. 

Summary of HNF 4155, REV. 1, (DRAFT) TFLAN Interface Requirements 

Requirement: The DST Monitor and Control Subsystem shall receive tank waste temperature 
data. DST Monitor and Control System shall receive DST Tank Waste Temperature from 
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TMACS, at a selectable poling rate, via TFLAN for those temperature probes that are monitored 
by TMACS. 

Basis: Double-Shell Tank Monitor and Control Subsystem Specification, HNF 4155, REV. I ,  
(DRAFT). Rev I ,  Section 3.2.1.2.2. 

Reauirement: The DST Monitor and Control Subsystem shall receive the following DST 
ventilation svstem data from TMACS via TFLAN for those ventilation parameters monitored bv 
TMACS: 

Tank vapor space pressure (-6 to +4 inches of water) 
Annulus exhaust stack beta (CAM) continuous air monitor alarm status 
Primary exhaust stack beta CAM alarm status 
Standard hydrogen monitor system hydrogen concentration and alarm status 
Primary exhauster run status 
Annulus exhauster run status . HEPA filter differential pressure 

Basis: Double-Shell Tank Monitor and Control Subsystem Specification, HNF 4155, REV. I ,  
(DRAFT), Rev I, Section 3.2.1.5.1. 

Reauirement: Centralize remote surveillance monitoring. The W-521 RCS shall have the 
capability to interface with the TFLAN. Conceptual level data block transfers are defined in the 
W-52 1 Advanced conceptual Design Report design. 

B&: Operations and Maintenance Philosophy, HNF-4553, Rev. 0, Section 2.0. 

Requirement: The DST Monitor and Control Subsystem shall receive DST annulus primary 
leak data from TMACS via TFLAN for those tanks whose annuli are monitored by TMACS. 

Basis: Double-Shell Tank Monitor and Control Subsystem Specification, HNF 4155, REV. I ,  
(DRAFT). Rev I, Section 3.2.1.4.2. 

Tank Farm Local Area Network 

.he W-314 M P S  is a sub-system of the DST Monitor and Control System. The scope of W-314 is to 
eplace the existing MPS system with the new programmable logic controllers (PLC) based system. The 
Y-314 MPS Project plans to install the TFLAN. The intent of the design is to’provide a backbone LAN 
or the new MPS system and future control systems. The general service fiber optic Ethernet network 
d l  connect PLCs and Human-Machine Interfaces (HMIs) together. The TFLAN design will also 
iclude servers and additional network hardware and software to make the network operational. 

‘FLAN will be utilized by existing as well as new RPP monitor and control systems. 
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4.2.1 

The Central Monitoring Station is a centralized supervisory monitoring system that will provide an HMI 
for viewing Tank Farm processes, including waste transfers. The CMS shall have access to all 
important data including data that will be generated by current and future projects. 

Also, as part of the CMS project an interface will be established between TMACS and TFLAN. Both 
W-521 and W-211 plan on obtaining TMACS data from TFLAN. At this time the TFLAN design is not 
complete. It is anticipated that the TFLAN design will be completed at the end of this fiscal year. 

Some of the data monitored by TMACS is important to WFD operations, and is Safety Significant (SS), 
such as: 

Central Monitoring Station I TFLAN Interface 

. Tank Waste Levels - Tank Waste Temperatures 

4.2.2 W-521 RCWTFLAN Interface 

For 241-SY, 241-AW, and 241-AY, the TFLAN fiber will be extended from existing nodes to the new 
ICE buildings utilizing the existing infrastructure. The network will be configured to integrate the W- 
521 RCS. It is important in the planning stages to ensure that the capability for expansion of hardware 
and software is built into the system from the initial concept. This is especially important given the 
project schedules and the level of integration required to make the WFD system operational. 

A preliminary design for the W-3 14 MPS TFLAN design was reviewed, and resulting refinement to 
Project W-521 advanced conceptual design is as follows: 

4.2.2.1.AW Scope 

TFLAN 

A fiber optic cabinet that includes a Fiber Distribution Panel (FDP), Media Converter, hub, and power 
strip, will be located in the new ICE building. TFLAN will be extended from the 2506E2 building to the 
existing 241-AW-271 instrument building. 

Electrical 

The electrical estimate completed during the conceptual design phase provided for adequate raceways to 
route fiber optic cable from the existing instrument building to the new ICE building. The electrical 
raceway was initially accounted for in the conceptual design estimate. 
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4.2.2.2.SY Scope 

TFLAN 

A fiber optic cabinet that includes a Fiber Distribution Panel (FDP), Media Converter, hub, and power 
strip, will be located in the new ICE building. TFLAN will be extended from a location near the 252s 
substation or 242s Evaporator to the new SY ICE building. 

Electrical 

Project W-521 trenching and planned conduit routings will be utilized to route the data cable from HH- 
099 near the 252s substation to the new SY ICE building. The initial estimate completed during the 
conceptual design phase is adequate to cover the electrical scope ofwork. 

4.2.2.3.AY Scope 

TFLAN 

A fiber optic cabinet that includes a Fiber Distribution Panel (FDP), Media Converter, hub, and power 
strip, will be located in the new ICE building. TFLAN will be extended from the 2506E2 building to 
pole E439, to the existing instrument building, and finally to the new AY ICE building. 

Electrical 

Project W-521 trenching and planned conduit routings will be utilized to route the data cable from E439 
to the new AY ICE building. The initial estimate completed during the conceptual design phase is 
adequate to cover the electrical scope of work. 

4.2.2.4. Valve Position Indication 

During the conceptual design phase of Project W-521 Valve Position Indication (VPI) was general 
service, and the RCS was general service. General service inputs including VPI switches at the pump 
pits and transfer pits were wired to the W-521 RCS. 

Project W-314 design provides general service PLC Inputs and Outputs (VO) to receive W-521 valve 
position switches from the existing AF' and the new AP-A valve pits. These are the only W-521 valve 
position switches that are wired to the W-314 system. All other valve position.data will be sent to the 
W-314 MPS via TFLAN. 

TFLAN is planned to be used to pass VPI data along with other process parameters between monitor 
and control systems connected to TFLAN. An assumption on the part of Project W-314 is that all valve 
positions will be independently and visually verified in the field allowing VPI VO to be general service. 
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If the PLC that receives VPI switches is required to be safety significant, there will need to be 
adjustments to the design as well as appropriate adjustments to cost. Other projects providing RPP 
monitor and control systems would also be affected. 

4.2.3 W-521rW-211 TFLAN Interfaces 

The AW diluent system will be designed and installed at AW and will supply diluent to the AW and AP 
tank farms, and the WTF transfer lines. The Diluent system is general service. Diluent system data 
necessary for WFD will be transferred between the W-521 RCS and the W-211 RCS. The AN diluent 
system will be designed and installed by Project W-211 and will supply diluent to the AN, AZ, and AY 
tank farm. Again, TFLAN will provide an interface the systems provided by W-521 and W-211. 

4.3 

In general, the standardization of systems and components will facilitate the interface and integration 
between monitor and control systems provided by various projects including W-314, W-521, W-523, 
and W-211. Systems installed by W-314 will need to be modified each time new systems are installed 
that interface with the W-314 MCS. It is important to allow flexibility in the methods and methodology 
as related to interfacing these systems including a standard process for configuration management. 

The W-314 MPS PLC manufacturer, RTP Corporation, does have a software quality assurance program 
that meets the requirements of NQA-1. Additionally, the PLC manufacturer routinely supplies PLCs 
and software for their PLCs to Nuclear Power Plants. 

Standardization of Equipment and Components 

It is anticipated that RTP will also be used for the W-521 RCS, and that other WFD projects will also 
use RTP. W-211 is currently evaluating the use of RTP. 

From conversations with W-314 project personnel and the RTP vendor, the cost of an general service 
RTP system is comparable to other well known industrial PLC manufacturers. 

Project W-521, W-314, and W-211 plan on using Citech HMI software. 

1.4 WTF Interface 

As reflected in Project W-521 conceptual design drawings and documentation, W-521 provided 
:onductors for safety significant permissive signals, and communications media for a data link. 

At this time, Project W-3 14 does not have an interface with the WTF. 

Project W-314 is providing PLC I/O for valve limit switches and leak detectors associated with the AP 
md AP-A valve pit. Per conversations with Project W-314 control system lead, the few hardwired 
permissive signals between the WTF and Tank Farms can be accommodated using spare MF’S rack 
;pace located in 241-AP-271 building. The data link may be more appropriately implemented by the 
ZMS project. 
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Project W-521 does not have a PLC or control system equipment at 241-AP. It was assumed during the 
conceptual design phase of Project W-521 that W-314 Phase I1 would provide all necessary 
programming. 

4.5 Standards Reviewed 

4.5.1 

All of the ISA standards were reviewed for applicability to the design of W-521 RCS. There were nc 
any standards identified that would impact the current cost estimate. Applicable ISA standards will be 
utilized during definitive design. 

ISA Standards, Recommended Practices and Technical Reports Review 

5.0 CONCLUSIONS AND RECOMMENDATIONS 

5.1 

A long-range plan is required that specifically defines the roles and responsibilities for each project that 
provides a piece of the RPP monitor and control system. 

As noted previously, the monitor and control systems are made up of existing as well as new systems. 
The duration and schedules of the projects that make up the monitor and control systems encompass 
several years. The plan should cover system architecture, design philosophy, safety classification, 
operational requirements, maintenance requirements, network administration, configuration 
management, and change control. 

5.2 

It is recommended that monitor and control system hardware and software be standardized. This will 
maximize the ability to more simply implement integration and consolidation of system functions for 
WFD. 

Long Range Plan For The Integration of RPP Monitor and Control Systems 

Standardization of Components and Equipment Including Software 

5.3 Safety Significant Issue 

TMACS is a safety significant system. The RCS and TFLAN is general service. The safety 
significant functions should remain with TMACS. 

- One possible solution is to upgrade the existing design by providing a liackup communications 
link for safety significant signals or upgrading the existing TFLAN design to safety significant. 
This would allow changes in the safety classifications of parameters to take place without 
significantly impacting the basic design and communications architecture. 

- If the RCS PLC is required to be Safety Significant, changes will be required that will affect 
cost. 
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5.4 TFLAN 

Utilize the existing TFLAN infrastructure and extend TFLAN to new W-521 ICE Buildings. 

5.5 cost 

The cost to accomplish these recommendations are shown in Table 5-1. 

Table 5-1. Cost 

6.0 REFERENCES 

"F 4155, REV. 1, (DRAFT), Rev. 0, DSTMonitor & Control Subsystem Specification, CH2M Hill 
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1.0 INTRODUCTION 

The Double Shell Tank (DST) Monitor and Control Subsystem (MCS) consists of new and existing 
equipment that will be used to provide tank farms operators with integrated local monitoring and control 
of the DST system to support Waste Feed Delivery Systems (WFD). The W-521 Retrieval Control 
System (RCS) is a subsystem of the DST MCS and will monitor required tank and waste transfer 
parameters during WFD for selected tanks in the AW, AY and SY Farms. 

The W-521 RCS will interface with the Tank Monitor and Control System (TMACS) via the Tank 
Farms Local Area Network (TFLAN). W-521 RCS will also interface directly with existing tank farm 
instrumentation where required. 

2.0 PURPOSE 

The purpose of this evaluation is to further define the interface requirements with existing 
instrumentation, and to determine the basic hardware and architecture required to implement the 
interfaces. The results of this evaluation will be used to further refine the cost estimate. 

3.0 SCOPE 

The scope of this task is to review the requirements for interfaces with existing double shell tank 
instrumentation to provide further definition to these requirements, and apply these findings to the W- 
521 design and cost estimate. These interfaces will occur with existing instrumentation located at the 
AW-101, AW-103, AW-104, AY-101, AY-102, SY-101, SY-102, and SY-103 tanks and associated 
instrument buildings. 

4.0 METHODOLOGY 

4 review of the latest HNF-4155, Double-Shell Tank Monitor and Control Subsystem Specification, 
was performed in order to determine any new requirements for instrumentation and monitoring and 
:ontrol. It should be noted that Revision 0 of the Level 2 Specification is the current approved version. 
4 redlinehikeout copy of the above mentioned document was obtained and reviewed which provided 
nore detailed information with respect changes to the monitoring and control requirements. 

4dditionally, a review was performed on a number of Hanford Site drawings, particularly Piping & 
,nstrumentation Diagrams (P&JD), in order to determine interface points between existing 
nstrumentation and the W-521 Retrieval Control System (RCS) which will be used to monitor tank 
iarameters during WFD. 

:nterviews were also conducted and input obtained from tank farm subject matter experts pertaining to 
:xisting hardware configuration. Subject matter experts provided qualitative insight to the reliability of 
iome existing monitoring systems. 
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5.0 ASSUMPTIONS 

Several key assumptions were made in order to further develop the interface requirements for the W-521 
RCS. The assumptions include the following: 

b 

b 

6.0 

6.1 

The majority of the proposed changes reviewed in the latest draft of Double-Shell Tank Monitor 
and Control Subsystem Specification, HNF-4155, will be approved and issued. 

For tanks AW-101, -103, -104, SY-101, -102, and -103, one temperature probe assembly 
installed in close proximity to the center of the tank with 18 temperature monitoring points 
(RTDs on temperature probe assembly spaced 2 feet apart with top 2 RTDs spaced 4 feet apart) 
is adequate for waste temperature monitoring. A new temperature probe will be installed which 
is designed to withstand mixer pump impingement forces, and will replace the existing 18-point 
temperature probe assembly in each tank. In AY-101 and AY-102, five temperature trees will be 
installed in each tank. These new probes, along with refractory concrete (bottom of tank) and 
concrete structure thermocouples will be adequate to provide necessary temperature data. 

TMACS will continue its monitoring function and will continue to have the capability to monitor 
selected tank parameters when the W-521 RCS becomes operational. 

The TMACS I TFLAN interface will be implemented by others and will be available for W-521 
RCS interface. 

CASS is de-activated. Work is in progress to connect parameters previously monitored by 
CASS. These parameters will eventually be available to W-521 RCS via TFLAN. A listing of 
these parameters is provided in Appendix B. 

For the purposes of this task, tanks currently identified as requiring SHMS, will also require 
SHMS during WFD activities. No new in-tank gas analysis (SHMS) equipment is to be installed. 

DISCUSSION 

Tank Structure Temperature Monitoring - General Description 

The above referenced draft Level 2 Specification states that the MCS shall monitor the bottom insulating 
:onCrete temperatures and other selected structure temperatures as measured by existing temperature 
elements. Tank bottom insulating concrete thermocouple signals shall be received at the DST MCS I/O 
and this data used to determine effective sludge mobilization of tank wastes. Additionally, concrete 
jtructure thermocouple signals shall be received, as required, by the DST MCS. In general, the 
following paragraphs describe the existing configuration for concrete structure and refractory concrete 
temperature monitors. 
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6.1.1 AW Tank Farm 

All concrete structure and refractory concrete thermocouple signals are sent to the 241-AW-271 
instrument building and are available to be read locally via a handheld device. 

The AW Farm concrete structure and refractory concrete thermocouple signals monitored by TMACS 
are connected to Westronics multiplexers located in the 241-AW-271 building. When polled by 
TMACS, a modem also located in the instrument building, sends data to TMACS via telephone wire. 
TMACS polling rates are selectable at once per second, once per ten seconds, once per minute, once per 
ten minutes, or once per hour. 

6.1.2 AY Tank Farm 

Temperature signals from the thermocouples located in the refractory concrete between the primary and 
secondary tanks and from concrete structure for AY-101 and AY-102 are connected to multiplexers 
located in the 241-AY-801A instrument building. 

6.1.3 SY Tank Farm 

All concrete structure and refractory concrete thermocouple signals for the SY tanks are sent to the 241- 
SY-271 instrument building. These signals are available to be read locally at the instrument building via 
a handheld device. 

The SY Farm concrete structure thermocouples monitored by TMACS are connected to Acromag 
multiplexers. The Acromag multiplexers are located adjacent to the tank temperature trees. 
Temperature data is sent from the multiplexer to a modem located in the 241-SY-271 instrument 
building. When polled by TMACS, the modem sends the data. 

In addition, selected SY-101 tank refractory concrete thermocouples are connected to a multiplexer 
located in the 241-SY-271 instrument building, and the data is sent ultimately to the DACS trailer. 

Refractory concrete thermocouples for tanks SY-102 and SY-103 are not presently monitored by 
TMACS. 

No physical interface is required between W-521 RCS and the thermocouples that are currently being 
monitored by TMACS. The W-521 RCS will obtain these temperatures from TMACS via TFLAN. 

6.2 Refractory Concrete Temperatures 

The refractory concrete structure is located directly below the primary carbon steel tank and provides the 
bottom support for the primary tank. Table 6-1 summarizes the W-521 required interface with the 
refractory concrete thermocouples. 
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Table 6-1. W-521 Existing Refractory Concrete Thermocouple Interface 
TAXK EXISTISG DOCUhZEST REF. W-SZI ISTERFACE REOL'IRED I ~.~ ~~ 

Tics monitored by 

5.2.1 AW Tank Farm 

rhere are a total of 24 thermocouples located in the refractory concrete for each of the AW tanks within 
he scope of Project W-521. Of these 24 thermocouples, only 3 thermocouple signals from each tank are 
nonitored by TMACS. This leaves an additional 21 thermocouples per tank available for monitoring. 
rhermocouple extension wire is routed to the 241-AW-271 instrument building for each these 
hermocouples. 

4 multiplexer will be installed to connect the thermocouples. The multiplexer will be data linked to the 
W-521 RCS. 

5.2.2 AY Tank Farm 

remperature signals from the 25 thermocouples located in the refractory concfete between the primary 
md secondary tanks for AY-IO1 and AY-102 are connected to multiplexers that are located in the 241- 
4Y-801A instrument building. 

lata links will be installed between the existing multiplexers and the W-521 RCS. 
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WHC-SD-WM-TI-594 Install multiplexer, connect remaining 51 T/Cs 
to multiplexer, with output to W-521 RCS. 

6.2.3 SY Tank Farm 

AW-104 

AY-IO1 

AY-102 

rhere are a total of 24 thermocouples located in the refractory concrete for each of the SY tanks within 
W-521 scope. However, none of the refractory concrete thermocouples for the SY-Tanks are monitored 
by TMACS. The SY-101 refractory concrete thermocouples are monitored at the DACS trailer and 
these temperature signals are sent to a multiplexer located in the 241-SY-271 instrument building, which 
is datalinked to the DACS. 

monitored by TMACS 
H- 14-020502-3 

6 concrete structure TKs WHC-SD-WM-TI-594 
monitored by W A C S  

H- 14-020502-4 
All T/Cs monitored by H-14-020506-1 
TMACS programming and network configuration 
All T/Cs monitored by H-14-020606-2 

to multiplexkr, with output to w - ~ ~ I ~ c s .  
Trenching, conduitiwire installation required. 
Install multiplexer, connect remaining 5 1 T/Cs 
to multiplexer, with output to W-521 RCS. 
Trenching, conduit/wire installation required. 
Datalink connection to TFLAN and software 

Datalink connection to TFLAN and software 

Where required, Project W-52 1 will provide new multiplexers to connect existing refractory concrete 
:hermocouples. Project W-521 will install data links between multiplexers (existing and new) and the 
W-521 RCS. 

6.3 Concrete Structure Temperatures 

rable 6-2 summarizes the W-521 required interfaces with the concrete structure thermocouples. The 
latest draft of the Level 2 spec does not clearly define the number of thermocouples required to be 
nterfaced with the RCS. Further analysis is required to determine the number of thermocouples that are 
Pequired to be monitored by the W-521 RCS. 

monitored by TMACS 

Table 6-2. W-521 Existing Concrete Structure Thermocouple Interface 
TAKK I EXISTING I DOCL3IEST REF. I W-521 INTERFACE REQCIRED 

to multiplex&, with output to W-521 RCS. 
Trenching, conduitivke installation required. H-14-02053 1-2 

monitored by RvlACS 

I H-14-020502-1 
I WHC-SD-WM-TI-594 I Install rnulti~lexer. connect remaining 51 T/Cs 

I Trenching, conduitiwire installation required. 
AW-103 I 6 concrete structure T/Cs 

to multiplexer, with output to W-521RCS. 
Trenching, conduitiwire installation required. H-14-02053 1-3 

I TMACS I I proeramming and network configuration 
SY-IO1 ' 6 concrete structure T Cs 1 WHC-SD-M'M-TI-591 I Install multiplexer, connect remaining 5 I T Cs 

1 monitored by TMACS 1 1 to multiplexer, with output to W-521 RCS. I 
I 1 H-14-020531-3 I Trenching, conduitiwire installation required. 
I 6 concrete structure T Cs SY-IO2 I WHC-SD-WM-TI-594 i Install multiplexer, connect remaining 51 T Cs 
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6.3.1 AY Tank Farm 

AY-101 and AY-102 thermocouples located in the concrete structure are currently connected to a data 
acquisition multiplexer located in the 241-AY-801A instrument building, which is data linked to 
TMACS. 

W-521 RCS will interface with this existing equipment through software programming and network 
configuration in order to obtain temperature data off the TFLAN. 

6.3.2 AW Tank Farm 

TMACS currently monitors six concrete structure temperatures (dome and wall structure) for each of the 
AW tanks (AW-101, AW-103, and AW-104). All other concrete structure thermocouple signals are 
routed to the 241-AW-271 instrument building where temperatures can be read via a handheld device. 
A selector switch is used to select the thermocouple of interest for temperature readout. 

Where required, Project W-52 1 will provide new multiplexers to connect existing concrete structure 
thermocouples. Project W-521 will install data links between multiplexers (existing and new) and the 
W-521 RCS. Programming and network configuration will be required to read data from TMACS via 
TFLAN. 

6.3.3 SY Tank Farm 

TMACS currently monitors 6 concrete structure temperature signals from the thermocouples located in 
the concrete structure each ofthe SY tanks for (SY-101, SY-102, and SY-103). All other concrete 
thermocouple signals are routed to the 241-SY-271 instrument building where temperatures can be read 
via a handheld device. A selector switch is used to select the thermocouple of interest for temperature 
readout. 

Where required, Project W-521 will provide new multiplexers to connect existing concrete structure 
thermocouples. Project W-521 will install data links between multiplexers (existing and new) and the 
W-521 RCS. Programming and network configuration will be required to read data from TMACS via 
TFLAN. 

6.4 Tank Waste Temperature Monitoring 

Waste temperature monitoring is required to determine if operating temperatures are exceeded and to 
control WFD process operations. 

Under the current hardware configuration, all temperature data from temperature probes in the AW-101 
(one temperature tree and one MIT), AW-103 (one temperature tree), AW-104 (one temperature tree), 
SY-101 (two MITs), SY-102 (one temperature tree), and SY-103 (one temperature tree) are monitored 
by TMACS. The AY-101 and AY-102 waste temperature is not monitored by TMACS. 

HND Team Page 6 

N-12 



WP-7069, REVISION 0 

EXISTING INSTRUMENTATION INTERFACE REFINEMENT Report No. 990920203-010, Rev. 0 
September 2000 

New temperature tree assemblies will replace tank waste temperature trees. This replacement is a result 
O f :  

Existing thermocouple trees and MITs, within the scope of this project, will not withstand mixer 
pump impingement forces (HND 990920203-015,2000), 
Existing thermocouples, although functional, cannot be maintained, calibrated, or replaced, 
Certain types of thermocouples on existing trees are susceptible to corrosion and subsequent 
failure (J Types), and 
Existing thermocouple trees have an estimated age of over 20 years and expected life has not 
been determined. 

6.4.1 AW Tank Farm 

The existing temperature probes will be removed. Local indication will be preserved to meet existing 
tank farm operational requirements. 

One new safety significant temperature probe will be installed in AW-101, AW-103, and AW-104, as 
was planned in the CDR. 

6.4.2 AY Tank Farm 

The existing Profile Thermocouple Trees (PTCs) in AY-101 and AY-102 will be removed. These PTCs 
have 3 thermocouples that monitor temperatures one at the bottom of the tree, one at the middle and one 
at the top. Local indication will be preserved to meet existing tank farm operational requirements, as 
was planned in the CDR. 

Five new safety significant temperature probes will be installed in each of the AY-Tanks in both (AY- 
101 and AY- 102) as was planned in the CDR. 

6.4.3 SY Tank Farm 

The existing temperature probes will be removed. Local indication will be preserved to meet existing 
tank farm operational requirements. 

Pressure measurement and gas monitoring capability will be maintained to meet existing requirements. 
This includes pressure measurement at SY-101 riser 018 and 019, and at SY-103 riser 018. Gas 
monitoring capability will be maintained at SY-101 018. 

One new safety significant temperature probe will be installed in SY-101, SY-102, and SY-103, as was 
planned in the CDR. 
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AW-101 

AW-103 

AW-104 

i.5 Tank Level Monitoring 

\I1 tanks within the W-521 scope have ENRAF level gauges installed (AW-101, AW-103, AW-104, 
4Y-101, AY-102, SY-101, SY-102, and SY-103). All ENRAF level signals for the above tanks are 
nonitored by TMACS. The W-521 RCS will interface with this existing equipment to obtain waste tank 
evels data from TMACS via TFLAN. No further hardware interfaces are required for these tanks. 

ranks levels for AW-101, AW-103, and AW-104, are shown going to the Computer Automated 
hxveillance System (CASS) on the latest H-14 Series drawings, but in fact, are currently connected and 
)eing monitored by TMACS. 

rable 6-3 summarizes the W-521 required interfaces with the existing waste level measuring system. 

- 
CONFIGURATION 
Waste level signal goes WHC-SD-WM-TI- Programming and network configuration required 
to TMACS 594 
Waste level signal goes WHC-SD-WM-TI- Programming and network configuration required 
to TMACS 594 
Waste level signal goes WHC-SD-WM-TI- Programming and network configuration required 

Table 6-3. Existing Waste Level Measuring System Interface 
TANK 1 EXISTING I DOCUMENT REF. I W-521 INTERFACE REOUIRED 1 

AY-102 

SY-101 

SY-102 

SY-103 

. 
TMACS 
Waste level signal to H-14-020606-2 Programming and network configuration required 
TMACS 
Waste level signal to H-14-020631-1 Programming and network configuration required 
TMACS 
Waste level signal to H-14-020631-2 Programming and network configuration required 
TMACS 
Waste level signal to H-14-020631-3 Programming and network configuration required 
TMACS 

I toTMACS I 5 9 4  I 
AY-101 1 Waste level signal to 1 H-14-020606-1 I Programming and network configuration required 
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AY-101 

AY-102 
- 

SY-101 

SY-102 

SY-103 
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CONFIGURATION 
In-tank gas analysis 
information to 
TMACS 

No SHMS on 

6.6.1 AW Tank Farm 

SHMS data for AW-101 is available from TMACS. W-521 RCS will interface with existing equipment 
through software programming and network configuration. Project W-521 will not install any new 
SHMS cabinets for AW-103 or AW-104. 

6.6.2 AY Tank Farm 

The AY-102 SHMS is not monitored by TMACS. Conduit and wiring will be required to be installed 
between the SHMS cabinet and the W-521 ICE building in order to monitor AY-102 hydrogen 
concentrations at the W-521 RCS. Project W-521 will not install any new SHMS cabinets for AY-101. 

6.6.3 SY Tank Farm 

SHMS data for SY-101, SY-102, and SY-103 are available from TMACS. W-521 RCS will interface 
with existing equipment through software programming and network configuration. 

- 

WHC-SD-WM-TI- Programming and network configuration 
594 

H-14-020102-1 
H- 14-024002- 1 
NIA NIA ~~ 

individual tank 
No SHMS on 
individual tank 
No SHMS on 
individual tank 
SHMS has local PLC 

Table 6-4. Existing In-Tank Gas Analysis System Interface 
EXISTING 1 DOCUMENT REF. 1 W-521 INTERFACE REOUIRED I 

~~ 

NIA NIA 

NIA NIA 

WHC-SD-WM-TI- Trenching, conduiuwire installation required 

In-tank gas analysis 
information to 
TMACS 

In-tank gas analysis 
information to 
TMACS 

In-tank gas analysis 
information to 
TMACS 

594 

H-14-024006-1 
WHC-SD-WM-TI- Programming and network configuration 
594 

H-14-02053 1-1 
H-14-02403 1-1 
WHC-SD-WM-TI- Programming and network configuration 
594 

H-14-02403 1-5 
WHC-SD-WM-TI- Programming and network configuration 
594 

H-14-02053 1 - 1 
H-14-02403 1-4 

between SHMS cabinet and W-521 ICE Building 
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6.7 Ventilation Parameters: 

The Level 2 Specification requires certain ventilation parameters to be monitored by the MCS in supporl 
of WFD activities. These parameters include the following: 

Tank Vapor Pressure, 

SHMS status and alarm, 
Annulus exhauster run status, 

HEPA differential pressure. 

Annulus exhaust stack beta Continuous Air Monitor (CAM) alarm status, 
Primary exhaust beta CAM alarm status, 

Primary exhauster run status, and 

Per discussion with W-314 project personnel, PLCs will be used to control the new ventilation systems 
for AW and SY Farms and flexibility for monitoring parameters will be provided. 

The SHMS status and alarm interface is discussed in Section “In-Tank Gas Analysis”. 

4s  was noted in the identified assumptions, TMACS will be monitoring those signals previously 
nonitored by CASS. Some of these signals include annulus ventilation low flow and annulus CAM 
iigh radiation as shown Appendix B. 

2larification is needed for the beta CAM status requirement and exhauster run status. It is uncertain at 
his time if the beta CAM status includes notification of CAM failure, low vacuum pump flow, along 
with high radiation. TMACS will monitor the annulus high radiation alarm, which will be available via 
he TFLAN. Exhauster run status can be determined by tank vapor pressure being negative or by 
:xhaust flow. Exhaust low flow will be monitored by TMACS and will be available via TFLAN. 

5.7.1 AW Tank Farm 

’roject W-3 14 will upgrade the primary ventilation system at AW. Primary ventilation parameters will 
)e available over TFLAN. 

4W annulus ventilation parameters will be hardwired to the W-521 RCS if not available from TMACS 
ria TFLAN. 
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6.7.2 AY Tank Farm 

Project W-521 will upgrade portions of the primary AY/AZ ventilation system. Some ventilation 
parameters such as primary exhaust CAM status will be available to the W-521 RCS via TFLAN as 
these parameters are currently monitored by TMACS. Other parameters such as primary exhaust run 
status and HEPA filter differential pressure can be obtained via data-link between 241-AZ-271 and the 
Project W-521 ICE Building or via hardwire between the 241-AZ-702 Vent building and the Project W- 
521 ICE Building. 

Project W-521 will upgrade the annulus ventilation system. Ventilation parameters will be available to 
the W-521 RCS via TFLAN. 

6.7.3 SY Tank Farm 

Project W-314 will upgrade the primary ventilation system at SY. Primary ventilation parameters will 
be available over TFLAN. 

SY annulus ventilation parameters will be hardwired to the W-521 RCS if not available from TMACS 
via TFLAN. 

7.0 CONCLUSIONS AND RECOMMENDATIONS 

The specific items recommended to be upgraded'modified are identified below, while the costs to 
include these items are shown in Appendix C. 

7.1 Tank Structure Temperature 

Tank structure temperature signals can be obtained from existing thermocouples. Only 3 refractory 
concrete thermocouples and 6 concrete thermocouples per tank are currently monitored by TMACS. 
Although no specific number of thermocouples are called out in the Level 2 Specification, concrete 
structure and refractory concrete temperatures will be required to be monitored to determine effective 
mixing of waste. Installation of multiplexer(s), connection of remaining thermocouples to the 
multiplexer(s), and trenching and conduitlwire installation are required in order for W-521 to receive 
temperature signals at the RCS. Tables 6-1 and 6-2 provide the summary of interfacing required 
between existing instrumentation and W-521 RCS. Programming and network configuration will be 
required to interface with the TFLAN to obtain temperature data monitored by TMACS. 

7.2 Tank Waste Temperature 

W-521 will install new, robust, highly accurate temperature trees in each of the tanks to replace existing 
temperature tree(s). Therefore, no interface with existing instrumentation is required to obtain tank 
waste temperature data for W-521 RCS. 

-- 

- 
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The reliability of some of the existing thermocouples used to measure temperature is in question based 
on failures seen to date. Although no reliability study exists that documents these failures, failure rates, 
or expected life of these thermocouples, subject matter experts agreed that the Type J thermocouple 
(IrodConstantan) has experienced failure due to corrosion of the iron leads. Once the iron leads break, 
an open circuit exists and temperatures can no longer be read from this thermocouple. Thermocouple 
trees in SY-102 and SY-103 have J Type thermocouples. Existing temperature probes within the scope 
of this project will not withstand mixer pump forces, and all existing temperature probes will be 
removed. 

7.3 Tank Waste Level 

All waste level data will be available from the TFLAN. Programming and network configuration will 
be required to interface with the TFLAN to obtain the level data monitored by TMACS. 

7.4 SHMS Cabinets 

All tanks currently equipped with SHMS cabinets are monitored by TMACS with the exception of AY- 
102. AY-102 will require conduit and wiring to be installed between the SHMS cabinet and the W-521 
ICE building in order to monitor AY-102 hydrogen concentrations on the W-521 RCS. Programming 
and network configuration will be required to interface with the TFLAN to obtain SHMS data monitored 
by TMACS. Project W-521 scope does not include installation of SHMS in those tanks currently not 
equipped with SHMS. 

7.5 Tank Ventilation 

Primary tank exhaust ventilation upgrades for AW and SY farms and the parameters required to be 
monitored will be provided by W-3 14. W-521 will be upgrading the AY/AZ primary tank exhaust 
ventilation system. Primary exhauster run status and HEPA filter differential pressure can be obtained 
via data-link from the 241-AZ-271 building and signals will be sent to the Project W-521 ICE Building 
to the RCS. Signals can also be obtained at the ICE Building via hardwire to the 241-AZ-702 Vent 
building. 

Some signals, such as exhaust low flow and CAM high radiation will be picked up by TMACS and will 
be available on the TFLAN. Further refinement of the proposed level 2 spec requirement is necessary to 
understand specifically what parameters require monitoring. 

7.6 Cost 

The cost to accomplish these additions is shown in Table 7-1 
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Table 7-1. Cost 

3.0 REFERENCES 

W-990920203-015, Mixer Pump Impingement Force on In-Tank Equipment for Project W-521, 
Waste Feed Delivery Systems. 

RJF-4155, Rev. 0, Double-Shell Tank Monitor and Control Subsystem Specification. 

WHC-SD-WM-TI-594, Rev. 3 (Draft), TMACS 1-0 Termination Point Listing. 

INF-1939, Rev. 0, Waste Feed Delivery Technical Basis Volume 111, Waste Feed Delivery System 
Description. 

WP-5366, Rev. 1, Functions, Requirements, and Specifications for replacement of the Computer 
Automated Surveillance System (CASS). 

).O 

. 

INTERVIEWS 

Robert R. Bevins, CHG, Infrastructure Upgrades (W-3 14) 
Dave J. Born, Numatec Hanford Company, Projects 
Katie A. White, CHG, Waste Feed Delivery Systems 
Mike Hay, CHG, West Area Maintenance Supervisor, Instrument Control & Electrical 
Chuck Scaief, CHG, Equipment Engineering 
Doug Larsen, CHG, S Complex Operations 
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Appendix A 
Thermocouple Signals Monitored by TMACS 
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Appendix B 
CASS AlardEquipment Status Signals to be Connected to TMAC 
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1.0 INTRODUCTION 

Normal operations at the Hanford Site Tank Farms requires the performance of various modifications in 
the process pits via a combination of long reach tools and manual methods. These modifications include 
replacement or installation of jumpers for the redirection of waste transfers, removal and/or replacement 
of valve jumpers, removal and reinstallation of process pumps, decontamination of the pits, and the 
potential need to maintainhestore secondary containment capability within the pits. Over the course of 
many years of operation, these pits have become contaminated with radioactive material from leaks and 
spills. In some cases, general radiation levels in the pits have reached as high as 40 rihr, although 300 
mr/hr is a conservative average. The elevated radiation levels in the pits increase the difficulty of 
performing work with the cover-blocks removed because of the need to minimize personnel radiation 
exposure and prevent personnel contamination. The added complexity associated with working in 
radiation environments impacts the cost and schedule of projects requiring pit modifications and hence, 
a number of concepts for employing remote systems to perform work in the pits have been investigated 
over the years. 

In the near future, a large number of pits will need to be entered for modifications by Projects W-211 
Initial Tank Retrieval Systems, W-314, Tank Farm Restoration and Safe Operation, and W-521, Waste 
Feed Delively System. This study evaluates the need to implement andor expand remote system 
methodologies in support of these upcoming projects. 

2.0 BACKGROUND AND PURPOSE 

Several studies have been conducted on the use of remote systems over the years; however, 
P"L.-13046, Rev. 0, Remote Pit Operation Enhancement System: Concept Selection Method and 
Evaluation Criteria (Bailey 1999), gives the best overview and evaluation of currently applicable 
technologies. This study, developed in support of Project W-314, identifies top-level functions and 
requirements for the operations and modifications to be performed in the process pits, identifies 
technology options, and evaluates each option. A preferred alternative was selected using a multi- 
attribute decision analysis technique. The selected option is based upon mounting a teleoperated 
manipulator arm on a tractor-mounted backhoe. Using this approach, many of the high dose and time 
intensive tasks associated with tank pit modifications are accomplished by using a teleoperated 
manipulator, thus avoiding the personnel dose accumulated from conducting these tasks manually. In 
addition to the exposure reducation, the schedule to complete tasks of this nature can often times be 
reduced significantly because of improved manipulative capability and the addition of camera viewing 
in the remote location. 

One of the near term Tank Farms projects is Project W-521. This project will require entry into a total 
of 16 pits for major modifications. The Conceptual Design Report (CDR) for Project W-521 is based 
upon the current practice of manual entry to implement these modifications. The large number of pits 
requiring modifications suggests significant cost and personnel exposure improvements are possible 
using remote methodologies. The PNNL-13046 (Bailey 1999) study is very thorough; however, the 
scope of the study was focused upon jumper removallinstallatioddisposal and potentially pit 
maintenance and repair. The cost estimate in the CDR indicates that additional costkchedule savings, 
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along with reductions in radiation exposure, may be possible with an expansion of the remote systems 
scope beyond what was considered in the earlier study. This report focuses upon identifying and 
breaking down the tasks associated with the pit modification work, evaluating these tasks, identifying 
and developing remote systems concepts. In addition, recommendations for expanding the scope 
covered in the PNNL-13046 (Bailey 1999) study would, when implemented, result in improvements to 
cost, schedule, andor radiation exposure. 

3.0 METHODOLOGY 

The detailed analysis of each task conducted during pit modifications was the basis for this assessment. 
A cost associated with completing each task and the cumulative dose taken by the work team are used in 
judging whether adopting or expanding remote systems capability will be beneficial. The main process 
steps involved are identified on a flow chart, followed with a listing of the various subtasks that make up 
that task. The task analysis steps and subtasks were identified by breaking down the process steps 
captured on a video from a previous pit entry. Personnel with Hanford Tank Farms operations 
experience explained specific details of the process captured on the video. The task analysis also details 
the number of personnel required to accomplish a particular task, estimates the time duration required to 
complete the task, and provides an estimate of the average radiation field that the personnel must work 
in. The cost to complete each task is derived from the Project W-521 CDR cost estimate andor actual 
costs from similar previous jobs. The task analysis is shown as Figure 3-1. 

I'he radiation dose that personnel receive while performing tasks and the overall costs to complete the 
tasks are areas of concern when manned entries into radiation zones are required. A focus of the task 
analysis is to provide a quantitative baseline which can be used to compare options and alternatives. 
The task analysis estimates that 28 person-rem is absorbed during the normal pit entry at a cost of $1.2 
million to complete the designated tasks. The absorbed dose is an estimate based upon typical 
background dose of 300 m r h  (before jumper removal and pit decon activities). It is unlikely that all 
pits will have background doses at this level, but for the purposes of this study, an estimated value 
provides a uniform basis for comparing options. 

1.0 CONCEPT APPROACHES 

Three concepts were identified either as part of this study or developed as a part of prior studies. These 
;hree concepts were selected because they represent a realistic range of remote system options that could 
reduce radiation exposure and cost. The options go from a totally remote concept where a tent structure 
IS unnecessary, to the minimum approach where additional manipulative capaljility is added to eliminate 
xople from the most dose intensive activities. The three options are compared to the totally manual 
Jaseline approach to establish potential improvements to cost and dose. A brief description of each 
:oncept follows: 
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1.1 

Zoncept A employs a steel box structure that goes around and above the pit (see Figure 4-1). Concept A 
s designed to completely eliminate the need to install a tent around the pit. The box structure houses a 
;antry crane and a teleoperated arm that would be used to complete all in-pit modification tasks and 
‘emove and store cover blocks. The totally enclosed gantry crane is sized to be able to lift the largest 
:over blocks and relocate the cover blocks to a designated transfer location. The box would also have 
in attached annex in which the shield blocks could be stored. Because the bottom contains a sliding 
;ate, the entire structure could be isolated from the outside environment and hence decon would be 
Iptional. The entire structure would be relocated from pit to pit via crane and tractor-trailer. 

rhis approach is a significant improvement above the baseline manual approach. Almost all of the dose 
s eliminated except for that absorbed while excavating on the exterior of the pit and core drilling for 
iew penetrations. The costs associated with erecting and later disposing of the tent structure are no 
onger required. In addition, the dose and cost associated with decontamination work needed to support 
1 manned entry are not required. A design challenge associated with this concept will be to develop a 
workable interface with the long length contaminated equipment (LLCE) transfer system. Concept A 
ihould be designed to be as compact as possible to enhance transportability. However, the LLCE 
ransfer system will require a larger box structure and top opening to allow the transfer system to be 
owered onto the pit. 

Portable Structure, Including Coverblock Storage - Concept A 

Figure 4-1. Concept A - Portable Structure with Coverblock Storage. 
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1.2 

Zoncept B is similar to the box approach described for Concept A except the cover blocks are not stored 
nside the box (see Figure 4-2). This approach was originally proposed in WHC-SD-W467-CDR-O01, 
Rev. 1, Conceptual Design Report: Portable Remote DA Operations and Decontamination Unit (Groth 
1996). The main box is larger to accommodate personnel entry to support cover block removal and the 
op is easily opened for block removal. The gantry crane is smaller since it will not be used to lift the 
:over blocks. A teleoperated arm and deployment system similar to that used in Concept A is 
ncorporated into this system. Though the box is larger, the isolation and transport features are similar 
o Concept A. 

2oncept B is almost as effective as Concept A from a dose reduction standpoint. Approximately two 
idditional person-rem are absorbed, but this is still a 24 person-rem improvement over the baseline 
nanual approach. Additional costs associated with cover block removal and re-installation also incurred 
Nith this concept. 

Portable Structure - Concept B 

Figure 4-2. Concept B - Portable Structure with Coverblock Storage. 

1.3 

rhis approach utilizes the current practice of deploying a tent structure around the outside of the pit, but 
ncorporates a teleoperated arm mounted on a backhoe to perform the time and exposure intensive tasks 
emotely (Bailey 1999) (see Figure 4-3). The backhoe arm projects through an opening in the tent and 
hen lowers the teleoperated arm into the pit. Tasks, such as jumper removal and replacement, seal 
eplacement, etc., are conducted remotely using this system. All other operations are completed as 
lescribed under the current practices baseline. 

BackhoelRemote ARM - Concept C 
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jurprisingly, the dose reduction improvement is the same for this concept as in Concept B. Very little 
lose is received during the erection and removal of the tent structure, which is the main difference 
,etween the two approaches. Concept C provides the least improvements to the remote handling 
:apability. The improvements are, however, sufficient to complete the most dose rate intensive and 
ime-consuming activities with minimal manual assistance. 

1 I O O Pi1 Hsrdvsre 
I"" '5 -? 

Figure 4-3. Concept C - Backhoe with Teleoperated Arm. 

5.0 COSTS 

The cost evaluation consists of identifying potential cost reductions. The baseline current practices costs 
Ire compared with each of the other concepts for cost reduction potential. These cost reductions do not 
k t o r  in the costs needed to develop, fabricate, and field Concepts A, B, or C. The cost baseline for the 
:urrent practice was developed using a combination of two methods to establish a cost for completing a 
)articular task. The first method involved extracting the transfer pit modificatipn portions of the CDR 
:ost estimate developed for Project W-521. The second method involved developing a work time line 
ind crew size using interviews with personnel with related tank farm experience. The work time line 
md crew size information was then multiplied by the unburdened labor rates for each task to arrive at a 
)attorn line cost for labor. Materials and procured items were added to the labor to arrive at a total cost. 
n general, the two methods of estimating costs resulted in answers that were very close in value. The 
ime line developed for this second method was also used in determining the personnel radiation 
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exposure received. The results ofboth of these activities have been summarized on the bottom lines of 
the task analysis shown as Figure 3-1. 

The costs to develop, fabricate, and install Concepts A, B, C are less meaninghl since Project W-521 
will follow Projects W-314 and W-211. By the time W-521 starts pit refurbishment, the remote systems 
needed will have been fielded and proven. The estimate for Project W-521 should include the costs to 
procure two systems in the event the units procured by the other projects are unavailable. For 
information purposes, cost estimates for Concepts A, B, and C are provided in Appendix A. 

Though not a significant cost for the purposes of this study, the W-521 cost estimate should provide an 
allowance for personnel training. A successful approach used in the past has been to put a number of 
potential candidates through a “familiarization” training program that extends two weeks. This allows 
some judgments to be made concerning which operators are likely to pass a qualification program. 
“Familiarization” training would be followed by a four week qualification training program with those 
operators that are considered most likely to adapt to and excel at remote handling tasks. 

6.0 RESULTS 

The results for each subtask accomplished under each concept are shown in Figure 3-1. The summary 
comparisons of radiation exposure and overall costs are shown below. 

6.1 Radiation Exposure Comparison 

The results of the task analysis showed that a significant decrease in total personnel radiation dose is 
possible by deploying a teleoperated arm to assist with the time intensive activities associated with work 
in the waste transfer pits. A reduction of 24 person rem is the projected benefit. The difference between 
deploying a fully self-contained box system (Concept A) versus the a m  on a backhoe approach 
[Concept C) produced a smaller gain. The exposure reductions do not justify additional cost and 
:omplexity of deploying a self contained system (a fkrther reduction of 2 person-rem is projected). 

A typical radiation source of 300 m r e m h  was used as the baseline for comparing options along with a 
factor of three decontamination factor. This may be overly conservative, so a sensitivity study was 
Jerformed using a background dose of 100 mre& coupled with a decontamination factor of 10. As 
would be expected, the dose accumulated for the current case dropped considerable (5,200 person mrem 
vs 28,000 person mrem). However, the reduction in benefit does not alter the conclusions of this study, 
since a total of 16 pits will have to be refurbished. In that context, the reduction in radiation dose is still 
very significant. 

5.2 Cost Comparison 

4n evaluation of the potential cost reductions by employing remote systems technology were 
:onservatively estimated using a combination of actual costs from similar jobs and the cost estimates 
from the Project W-521 CDR. The results from comparing the three concepts against the current 
xactice baseline showed a progressively increasing cost savings with Concept A producing the greatest 
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operations cost reductions ($405,000) and Concept C resulted in the least of the three (approximately 
$215,000). These numbers are conservative because the labor dollars are direct dollars. Ifjob site 
adders are included , for such things as special work permits, the cost differences between the various 
concepts and the baseline increase. However, for the purposes of this evaluation, the cost adders do not 
change the results or alters the conclusions. 

7.0 RECOMMENDATIONS AND CONCLUSIONS 

The results from this study indicate that the adoption of Concept C, the teleoperated arm mounted on a 
backhoe is the best overall solution. These conclusions are clearly driven by dose reduction 
considerations. The cost differences between the remote systems options do not recommend one 
approach above the other. From a dose reduction viewpoint, the task analysis shows a significant 
advantage in adopting any of the remote systems concepts. However, the self-contained box approach, 
Concept A, represents only a small improvement in dose reduction over the less costly, more proven 
Concept C. This reduction is too small to be meaningful in light of the significant increase in upfront 
costs and technological risks associated with developing a fully self-contained system. 

The cost reduction evaluation shows an advantage for Concept A, but when other factors, such as the 
cost to design/fabricate/test/deploy the more complicated system are factored in, the advantage becomes 
less significant. The other issue associated with the interface of the LLCE removal system will add to 
the complexity in successfully designing and fielding Concept A. Finally, as a result of the 
PNNL-13046 (Bailey 1999) study, a prototype for Concept C is already funded and development is 
slated to start next fiscal year. With these considerations in mind, the ann on the backhoe, Concept C, 
appears to be the most effective and lowest risk approach to reducing dose and costs. 

7.1 Cost 

rhe cost reduction associated with these additions is shown in Table 7-1. 

Table 7-1. Cost 
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Cost Estimates for Concepts A, B, and C 
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Cost Estimates for Concepts A, B, and C 

The following cost estimates were developed by extrapolating the conceptual design cost estimate from 
WHC-SD-W467-CDR-001, Rev. 1 (Groth 1996), which is Concept B. Since the actual development 
and per copy costs for the pit modification equipment are not expected to be borne by Project W-521, 
the estimates are provided for comparison and information only. 

Concept A - Fully Enclosed System with Shield Block Annex 

This is very similar to Concept B except an annex has been added for the handling and storage of the pit 
cover blocks. Therefore, the costs estimates for Concept B are escalated to today’s dollars with an 
additional $100,000 tacked on for the annex and handling equipment. 

Concept A - $1.9 million for the first unit 

Concept B - Fully Enclosed System 

The estimate for Concept B is developed in detail in WHC-SD-W467-CDR-O01, Rev. 1 (Groth 1996). 
A 15 percent escalation factor has been applied to this number to bring the estimate current in today’s 
dollars. This estimate includes the costs for design, fabrication, safety, permit, test, and the startup of 
this equipment. 

Concept B - $1.8 million for the first unit 

Concept C - Arm on a Backhoe 

The arm on a backhoe estimate is developed by substituting the costs for fabricating and delivering this 
equipment into the cost estimate for Concept B. All other elements remain the same. 

Concept C - $1.3 million for the first unit (assuming $425,000 for design and fabrication) 
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1.0 INTRODUCTION 

Project W-521, Waste Feed Delivery System Project, is installing transfer and mixer pumps in several 
double-sbell tanks (DSTs) within the 241-AW, -AY, and -SY Tank Farms. Both the transfer and mixer 
pumps require diluent for in-line dilution and/or flushing. During the conceptual design of Project 
W-521, diluent was fed to the transfer pumps via existing sluny (SL) lines that ran from their 
corresponding valve pits. To provide diluent to the mixer pumps, new diluent lines were routed to each 
mixer in the AW and AY Tank Farms. In the SY Tank Farm however, the diluent was fed to the mixer 
pumps by tying into the existing SL line. This approach proved to be very expensive since the existing 
SL lines will have high radiation doses. Therefore, a Diluent System Piping Tie-In Refinement task was 
identified for the Project W-521 Advanced Conceptual Design (ACD). 

1.1 Purpose 

The purpose of this ACD Task was to evaluate available options and make a recommendation as to the 
most appropriate and cost effective way to route diluent to the mixer pumps in the SY Tank Farm. 

1.2 Scope 

The scope of this Diluent System Piping Tie-In Refinement task first involved refining the flow 
requirements for diluent to the mixer pumps based on the latest Level 2 Specifications. After refining 
the requirements, other feasible options were developed and evaluated from a cost and technical 
perspective. 

2.0 METHODOLOGY 

The process followed consisted of a review of the latest Double-Shell TankMirer Pump Subsystem 
Specification, HNF-4164, and the Mixer Pump System Design Description, W-52 1-SDD-03, to 
determine the latest diluent flow requirements to the mixer pumps. Drawings for the different options 
were then developed and a cost analysis was completed to determine the best option. 

3.0 ASSUMPTIONS 

The following assumptions were made: 

1. No additional trenching would be required for routing individual diluent lines to the mixer 
pumps. These lines would share trenching with the new process waste lines already being 
installed. 

2. The existing service water line to the 241-SY-A Valve Pit can be easily tied into ( i t . ,  no 
radiation concerns). 
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1.0 DISCUSSION 

1.1 Requirements 

The first effort involved with the tie-in refinement task was to review the diluent flow requirements to 
be  mixer pumps from the latest Level 2 specification and the project's system design description. From 
hese documents, the following requirements were identified: 

The DST Mixer Pump Subsystem shall be flushed with raw water at 200 gal/min minimum at 
80 IbUin' for internal pump washdown and internal cavity flush (ref. "F-4164, Section 
3.1.2.1.3). 

The DST Mixer Pump System shall accept and route externally supplied wateddiluent to the 
pump cavity for flushing and to the pump suction area for waste dilution during startup/operation 
for addition of bulk dilution water for waste displacement below the pump during installation 
and, depending on design, water to fill the column and pressurize mechanical seals (ref. 
W-521-SDD-03, Section 3.1.1). 

The DST Mixer Pump System shall also provide for the flush water and diluent which are fed to the SY 
rank Farm from the diluent system installed by Project W-058. Project W-521 will modify this diluent 
system to meet the new Level 2 specification requirements. Besides adding the diluent system, Project 
W-058 installed a new 3-in. service water line. This new line comes in from the north side of the SY 
rank Farm between tanks SY-IO1 and SY-102 and terminates at Nozzle L14 in the 241-SY-A Valve Pit. 

I.2 Options 

4s stated earlier, the conceptual design basis was to tie-in to the existing slurry lines as shown in Figure 
1-1. These are however, only 2-in. lines and the requirement to feed 200 gal/min to the mixers would 
.equire a velocity of more than 19 feet/sec in these 20-year-old lines (ref. Crane). In addition, over the 
ast 20 years these lines have been used to transfer highly radioactive slurry waste. The exposure rates 
iear this line are expected to be very high, making a tie-in to these lines difficult and costly. 

The most obvious alternative would be to run individual feed lines from the valve pits to the mixer pump 
,ads. These 3-in. service water lines would share the same trench as the new transfer lines that are 
)eing routed from the valve pits to the central pump pit of each tank. The new service water lines would 
xiginate from a single tie-in point on the existing 3-in. service water line direqtly between tanks SY-IO1 
md SY-102 as shown in Figure 4-2. From this tie-in point, a new 3-inline would be routed to each 
nixer and, at 200 galimin, these new lines would feed the mixer pumps at an acceptable velocity of 
L5 feetkec (ref. Crane). No additional trenching beyond what was in the CDR would be required since 
he new service water lines would be routed with the new transfer lines and/or electrical trenching. This 
Iption would however, add approximately 250-feet of 3-in. stainless steel piping. 
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Figure 4-1. Tie-In to Existing Slurry Lines (CDR Basis). 

The final option would be to provide a central hose connection station and use flexible hoses as required 
o feed the mixer pumps. The existing 3-in. service water line would be tied into just north of the 
!41-SY Valve Pits as shown in Figure 4-3. A single valve with a hose connection would be provided 
ibove grade. This option would require a flexible hose approximately 150-feei in length to reach the 
urthest mixer pump. 

:or either of the two options, the following drawings would require modification to reflect any changes 
o the CDR design: 

~~ 

HND Team Page 3 

P-8 



RPP-7069, REVISION 0 

j lLUENT SYSTEM PIPING TIE-INS REFINEMENT Report No. 990920203-014, Rev. 0 
September 2000 

ESW-521-P6, Sheet 3, P&ID Waste Feed Delivery 
ESW-521-P7, Sheet 4, P&ID Caustic/Diluent Addn System 241-SY Tank Farm 
ESW-521-M6, Piping and Equipment Plan 241-SY Tank Farm 
ESW-521-ICD1, Sheet 3, Interface Control 241-SY 

:inally, an estimate was prepared to determine the cost differences between the separate lines feeding 
he mixer pumps versus the single hose connection as compared with the CDR basis. The new service 
water lines option would have a reduction in cost to the CDR baseline of approximately $57,408 
:ompared with tying into the existing slurry lines. The single hose station option would provide a 
.eduction in cost to the CDR baseline of approximately $300,000 but is not recommended due to the 
'easons discussed in Section 5.0. 

9 NORTH 

Figure 4-2. Separate Lines from Service Water Tie-In. 
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9 NORTH 

Figure 4-3. Hose Connection at Service Water Tie-in. 

LO CONCLUSIONS AND RECOMMENDATIONS 

4s shown in the estimate analysis, the two options presented in this analysis would both be financially 
)eneficial. Besides the cost savings, these options would provide a much more reliable system since the 
ntegrity of the existing slurry lines is not known and at flow rates of more than 19 feetlsec, the erosion 
,ate of the piping would be greatly increased. 
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ilthough both options are acceptable, it is recommended that the separate line option by used over the 
ingle hose connection. The primary reason for this recommendation is that this option would provide 
ess risk and cost to Operations over the life of the project. The single hose connection option would 
equire the operators to drag a 100 plus foot hose around the tank farm that could interfere with other 
ank farm operations and would also increase the risk of a caustic/diluent spill. The cost reduction 
.ssociated with the recommended option is summarized in Table 5.1. 

Table 5-1. Cost 

VALVING AND PIPING MODIFICATIONS (OPTION #I) - REDUCTION FROM CDR 
BASECOS ODC'S MU6CM PM I DD 1 TITLE Ill I SU6OPS I EXP I STARTUP ISlTEALLOd ESCAL I CONl I@%lALT- 

-. . .. . .. I -53.378 I -$14.786 I -56.629 I 41.240 I -$1.884 I -5992 I 5496 I -51.488 I -$982 I -$5.837 I $8.599 I -59.985 

i.0 REFERENCES 

Irane Technical Paper No. 410, Flow of Fluids Through Valves, Fittings, and Pipe, Crane Company, 
New York, New York. 

INF-4164, Rev. 0, Double-Shell Tank Mixer Pump Subsystem Specification, Cogema Engineering 
Corporation for CH2M HILL Hanford Group, Inc., Richland, Washington. 

N-521-SDD-03, Rev. 2, Draft, Mixer Pump System Design Description, A R E S  Corporation for CH2M 
HILL Hanford Group, Inc., Richland, Washington. 
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1.0 INTRODUCTION 

The existing 241-AY and 241-AZ ventilation systems will be modified to support Phase 1 WFD. These 
modifications will affect both the primary and annulus ventilation systems. In the case of the primary 
tank ventilation system, a number of upgrades will improve the existing system’s code compliance and 
operability. In the case of the annulus ventilation systems, the modifications will increase the airflow 
rate through air slots in the primary tank foundations. 

The 241-AY and 241-AZ primary tanks are ventilated by the 241-AZ-702 system. Presently, the 
1 system’s design does not comply with some codes and standards. Project W-521 will modify the system 
to improve the system’s operability and to correct several of these noncompliances. Specifically, Projecf 
W-521 will perform the following activities: 

Install additional components to provide redundancy of all major equipment. These components 
include a second High EMiciency Moisture Eliminator (HEME) and condenser. Additional 
ducting and instrumentation will be installed to support these units. 
Construct an additional cell to house the new HEME and condenser. 
Install a cooling system for the new condenser. This will consist of a new chiller, storage tank, 
expansion tank, and pumping system. 
Eliminate Catch Tank AZ-15 1 as a discharge point for the system’s condensate. This requires 
installing a pump in the 241-AZ-702 seal pot so condensate may be pumped to any of the 241- 
AY or 241-AZ tanks. 
Provide a redundant drain path for condensate leaving the system. 
Install new drain lines that route condensate from the existing filtration units to the seal pot. 
Replace the existing primary exhaust fans with new units that provide stable operation. 
Replace the sample probe of the stack’s radiation monitoring system with a new shrouded probe. 

Separate systems ventilate the annulus space of the 241-AY and 241-AZ tanks. These systems provide 
airflow through the annular space between the primary and annulus tank sidewalls. The systems also 
provide airflow through slots in the foundation of the primary tanks. Currently, the systems do not 
provide sufficient airflow through the latter to meet the requirements of HNF-5196, Revision 0. These 
systems will be modified to provide a nominal airflow of 1000 CFM (and a minimum of 850 CFM) 
through the air slots. To achieve this flow rate, Project W-521 will perform the following: 

0 

0 

Install supply fans to increase each system’s overall air flow. 
Install a control system to achieve the required flow while limiting the annulus vacuum. 
Rehrbish several components that are no longer functional. 
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1.0 BASIS FOR REDESIGN 

1.1 

?roject W-521 will redesign portions of the existing 241-AZ-702 System. The following describes the 
Jases for these modifications. 

Basis for modifying the 241-A2702 System 

The design of the existing system included only one HEME and condenser. The NOC requires 
operating both units when ventilating the tanks. When servicing either, the units must be 
bypassed and elevated emissions are released from the system’s exhaust stack. To eliminate this 
problem, a second HEME and condenser will be installed. Installing these two components will 
greatly increase the system’s redundancy. 

Space is limited within the existing cell. To add a new HEME and condenser, a new cell must be 
constructed. The new cell will be located next to and share the south wall of the existing cell. 

The new condenser must be connected to a cooling system. Although the existing condenser’s 
cooling system could be utilized, adding a new cooling system provides redundancy to the 
system’s overall design. The new chiller and pumping system will be located next to the new 
cell. 

Condensate from the ventilation system currently drains to the Catch Tank 241-AZ-151. This 
catch tank is a single walled vault that does not meet current codes and standards for storing 
radioactive liquids. Redirecting the condensate to the 241-AY and 241-AZ tanks will allow the 
catch tank to be removed from service. The tank will be isolated with lines capped and 
abandoned in place. The elevation difference between the system and the tanks is insufficient to 
gravity drain the condensate to all of the 241-AY and 241-AZ tanks. Therefore, a new seal pot 
will be installed in the 241-AZ-702 system that includes a pump. This pump will allow 
condensate to be sent to any ofthe 241-AY and 241-AZ tanks. 

With the existing design, condensate leaves the system and flows through a single line. If the line 
becomes damaged or plugged, condensate will back up into the system and cause operational 
problems. If the system floods with condensate, the operational problems could cause the system 
to be shut down. Providing a redundant discharge line will greatly reduce the likelihood of this 
scenario. 

The existing system employs filtration trains that contain HEPA and HEGA filters. Each train 
has two drains to collect liquid that may accumulate in the trains. Presently, the drains lead to 
sight glasses that must be emptied manually using portable containers. Due to radiological 
concerns for the operators and the difficulty in disposing of radioactive liquids, the existing 
drains and sight glasses will be piped directly into the system’s condensate collection system. 

HND Team Page 2 

U-6 



RPP-7069, REVISlON 0 

PROJECT W-521 DESIGN GUIDE MODIFICATIONS 
r0 241-AY AND 241-AZ VENTILATION SYSTEMS 

Report No. 990920203-024, Rev. 1 
September 2000 

The primary exhaust fans currently operate at an unstable point on their performance curves at 
low flow rates. Replacing the fans with a different model will improve the operability and 
maintainability of the fans. 

The sample probe of the stack’s radiation monitoring system will be replaced and new piping 
will be routed from the probe to the analyzer. This modification will bring the stack’s radiation 
monitoring system into compliance with ANSL’HPS N13.1. Furthermore, a flanged port will be 
added near the sample probe’s location. This connection will allow access for future sampling 
activities. 

rhese changes will improve the system’s operability. The modifications also make the system 
:ompliant with existing codes and standards. 

1.2 

’roject W-521 will redesign portions of the annulus ventilation systems. HNF-5196, Revision 0 
.equires a minimum airflow through the annulus air slots of 850 CFM. This flow rate is necessary to 
ichieve sufficient cooling of the tanks during mixer pump operations. HNF-5196, Revision 0 also limits 
he difference in pressure between the primary tank and annulus to 6 inches (w.g.). Adding a supply 
Bns to the annulus ventilation systems will increase the airflow through the air slots. Installing a control 
iystem that modulates the fan speeds will allow control of the annulus pressure relative to the primary 
ank pressure. 

To return the 241-AZ annulus ventilation system to active service, some existing components must be 
,eplaced or refurbished. The existing inlet filter plenum is plugged to the point that it is unusable. The 
ntegrity of the tank balancing valves is questionable. The exhaust filter plenum cannot be tested to the 
equirements of ASM N510. Finally, the annulus leak detection CAMS are in need to repairs. These 
ssues should be corrected as part of the system modifications to achieve higher flow rates. 

1.0 DESIGN REQUIREMENTS 

The following defines the specific codes, standards and requirements that the modifications must meet. 

1.1 HEME and Condenser Modification 

1 second HEME and condenser shall be installed. The new units shall be installed in parallel with the 
:xisting units. Valves to isolate the two units shall have handles that extend through the cell wall to the 
uilding’s exterior. The units shall be equipped with instrumentation consistexit with the existing 
nstrumentation and shall connect to the existing Monitoring and Control System. Access shall be 
irovided through the cell’s roof above both components. The opening shall be the same size as the 
ipenings above the existing units. 

i new vent cell will be constructed to contain the new HEME and condenser. The new cell shall be 
.entilated and maintained at a vacuum consistent with the existing system. The new cell shall include a 
ump and provisions to empty the sump. Access to the new cell shall include hatches above major 
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equipment. The design and construction of concrete shall meet ACI 3 18 (refer to HNF-5196, Rev. 0, 
Section 3.3.1 .l.b). 

The new chiller and pumping system shall be designed to provide the same amount of cooling as the 
existing chiller and pumping system. 

3.2 System Drain Modifications 

A new seal pot shall be installed that allows condensate to be periodically pumped to the any of the 241- 
AY or 241-AZ tanks. The fluid level in the new seal pot shall be maintained at the same level at the 
existing seal pot. The new seal pot shall be ventilated. The drain path leading from the seal pot shall be 
redundant. 

All new piping shall be fabricated from 300 series stainless steel material and shall be of all welded 
construction. The new piping shall be designed, fabricated, and inspected per ASME B31.3 (refer to 
HNF-5196, Rev. 0, Section 3.3.1.2). Condensate draining from the system shall be doubly contained. 

3.3 Filtration Unit Drains 

Each plenum of the existing filtration trains shall be equipped with a drain. The drains shall be routed to 
the new seal pot located in the cell. The new drain lines shall be designed, fabricated, and inspected per 
ASME B31.3. The new piping shall be fabricated from 300 series stainless steel material and shall be of 
all welded construction (refer to HNF-5196, Rev. 0, Section 3.3.1.2). The new drain lines shall meet the 
requirements of ASME N509 (refer to HNF-5196, Rev. 0, Section 3.3.1.1.a). 

3.4 Fan Modification 

The primary exhaust fans (AZ-Kl-5-1A and AZ-Kl-SIB) shall be replaced. The new fans shall 
possess an operating curve that allows for stable operation throughout the system’s operating range. The 
fan shall include a shaft seal to limit in-leakage at the shaft (refer to HNF-5 196, Rev. 0, Section 
3.3.1.4.e). The replacement fan shall be designed in accordance with AMCA 99-0200 (Classification 
for Spark Resistant Construction), Type B requirements (refer to HNF-5196, Rev. 0, Section 3.3.1.4.a). 
The fan shall be certified as meeting the requirements of AMCA 210 for exhaust fan performance (refer 
to HNF-5196, Rev. 0, Section 3.3.1.b). The fan also shall meet the requirements of ASME N509, 
ASMEN510 and ASME AG-1 (refer to HNF-5196, Rev. 0, Section 3.3.1.4.a). The installed 
configuration shall include gravity dampers that prevent back draft through the fan (refer to HNF-5196, 
Rev. 0, Section 3.3.1.4.c). 

3.5 Stack Monitoring Modification 

The sample probe for the stack monitoring system shall be replaced. Piping that connects the probe to 
the analyzer also shall be replaced. The new probe and piping shall comply with ANSI/HPS N13.1 
[refer to HNF-5196, Rev. 0, Section 3.2.1.1.3). 
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3.6 Annulus Ventilation Modifications 

rhe annulus ventilation systems for the 241-AY and 241-AZ tanks shall be redesigned to provide a 
nominal airflow of 1000 CFM (and a minimum flow of 850 CFM) to the air slots of each tank. The 
redesigned system shall limit the pressure difference between the primary and annulus pressure to 6 
inches (w.g.) (refer to HNF-5196, Rev. 0, Section 3.2.1.1.l.b). Instrumentation shall monitor the 
annulus pressure within a range of at least +10 inches (w.g.) to -20 inches (w.g.) (refer to HNF-5196, 
Rev. 0, Section 3.2.1.2.2.a). 

The inlet filters and exhaust filters shall be constructed of 300 series stainless steel (refer to HNF-5196, 
Rev. 0, Section 3.3.1.3.b). The exhaust units shall be a “bag-out” design (refer to HNF-5196, Rev. 0, 
Section 3.5.1.9. The units shall be designed to allow testing to ASME N510 (refer to HNF-5196, Rev. 
3, Section 3.2.4.b, 3.5.l.e, and 4.1.2.a). The inlet filter plenums shall contain provisions to prevent 
ntrusion by animals or large debris (refer to HNF-5196, Rev. 0, Section 3.3.1.3.f). Butterfly valves 
shall be installed to allow isolating the annulus space &om the annulus ventilation system (refer to HNF- 
5196, Rev. 0, Section 3.3.1.5.a). The valve shall meet the requirements of ASME N509 and ASME AG- 
1 (refer to HNF-5196, Rev. O, Section 3.3.1.5.c and 3.3.1.5.d). 

3.7 

The new components shall have a design life of 35 years (refer to HNF-5196, Rev. 0, Section 3.2.3.a). 
system modifications and replacement components shall meet the applicable criteria of the following: 

General Requirements for all Modifications 

WHC-SD-GN-ER-501, “Natural Phenomena Hazards, Hanford Site Washington” 

UCRL 15673, “Human Factors Design Guidelines for Maintainability of DOE Nuclear 
Facilities” (refer to HNF-5196, Rev. 0, Section 3.2.4.a) 
DOE 6430.1A, Section 01 10-3, “Flexibility” 

(refer to HNF-5196, Rev. 0, Section 3.2.7.a) 
DOE 6430.1A, Section 1300-7, “Confinement Systems“ 

(refer to HNF-5196, Rev. 0, Section 3.3) 
DOE 6430.1A, Section 1300-1 1, “Decontamination and Decommissioning” 

(refer to HNF-5196, Rev. 0, Section 3.3.8.a) 
DOE 6430.1A, Section 1300.12 “Human Factors Engineering” 

(refer to HNF-5196, Rev. 0, Section 3.3.7.a) 
DOE 6430.1A3, Section 1323, “Radioactive Liquid Waste Facilities” 

(refer to HNF-5196, Rev. 0, Section 3.3) 

( r e fe r tow-5196 ,Rev .  0, Section3.2.5.1.aand 3.2.5.2.3.b) 

jystem modifications and replacement components shall incorporate occupational safety and health 
lesign features that comply with the requirements of WHC-SD-WM-HSP-002 (refer to HNF-5196, 
kv.0,  Section 3.3.6.1.a). 
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1.8 Safety Classification of Components 

teplacement components shall be designed in accordance with safety classifications. Safety 
Aassifications of existing components are described in HNF-SD-Wh4-SAR-067, Addendum 3. A 
Ireliminary listing of safety classifications is provided in Tables 3-1 and 3-2. These classifications are 
xovided for purposes of the conceptual design. Actual safety classifications shall be determined during 
Iefinitive design using the process described in HNF-PRO-700, HNF-PRO-702, HNF-PRO-703. and 
RJF-PRO-704. 

Table 3-1. 
New Component 

Condenser 

HEME 

Condenser and HEME 

Chiller and Pumps 
piping 

Cell Annex 

Drain lines from 
filtration units. 
Seal Pot 

Seal Pot Pump 

Gravity Drain from 
Seal Pot to AZ-101 

Forced Drain from Seal 
Pot to AY-101, AY-102 
and AZ- 101 
Primary Exhaust Fans 

Stack Radioactive 
Monitoring System 

Preliminary Safety Classification of New Primary Comp 
Safety Function 

Provides primary containment of radioactive gases and liquids. 
Provides an environmental function of abating stack emissions. 
Provides primary containment of radioactive gases and liquids. 
Provides an environmental function of abating stack emissions. 
Provides primary containment of radioactive gases and liquids. 

Does not provide a safety function. Supports the environmental 
function of abating of stack emissions. 
Provides secondary containment of radioactive liquids, as well as 
shielding of high radiation components. 
Pro\,ides prunary containment of radioacti\,e condensate 

Provides a drain path for condensate leaving the system. Failure of 
the drain path will lead to shut down of ventilation system due to a 
backup of condensate. Loss of ventilation leads to the potential for a 
deflagration accident. The seal pot also provides primary - 
containment of radioactive condensate. 
Provides abilitv to Dumn to t3nks other than AZ-102 (not a safetv . . .  
function). Provides double containment of condensate. 
Provides a dedicated drain path for condensate leaving the system 
(independent of operating the Seal Pot Pump). Failure of the drain 
path will lead to shut down of ventilation system due to a backup of 
condensate. Loss of ventilation leads to the potential for a 
deflaeration accident. The line also Drovides nrimarv and secondarv - 
containment of radioactive condensate. 
Provides abilitv to Dumu to tanks other than AZ-102 (not a safetv I . 1  
function). Provides double containment of condensate. 

Provides motive force for ventilating the primary tank headspace. 
Loss of ventilation leads to the potential for a deflagration accident. 
Provides monitoring for releases of radioactive material. The 
Continuous Air Monitor Interlock relies on this monitoring to 
mitigate the consequences of a spray leak accident. 

. 

tents. 
Safety 

Classification 
GS 

GS 

GS 

GS 

GS ‘ I 1  

GS 

sc 

GS 

sc 

GS 

sc 
SC 

Notes (1): The cell annex bas a preliminary classification of General Service due to its containment function. 
However, the cell contains Safely Class equipment. Failure of the cell’s roof or walls could lead to 
failure of the drain lines leading from the HEME and condenser. This “three-over-one” situation will 
be analyzed during definitive design to assure that the drain lines still meet their Safety Class function. 
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Table 3-2. Preliminary Safety Classification of New Annulus Comi 
I 

New Component Safety Function 

Supply Piping Provides a flow path into the tank. Loss of the flow path would 
prevent operation of the leak detection CAMs. If the leak detection 
CAMs are inoperable, a leak into the annulus tank may go undetected. 
A leak into the annulus tank leads to the potential for a deflagration 

1 accident. 
I No safety function. Provides some filtration of the air entering the Supply Filters 
1 annulus. 
I Provides ability to obtain minimum flow through annulus slots. Loss Supply Fan & VFD 
I of flow would lead to a loss of tank cooling. Loss of cooling leads to 
I the potential for a tank hump accident. 
I Provides a flow path into the tank. Loss of the flow path would Exhaust Piping . -  

prevent operation of the leak detection CAMS. If the leak detection 
CAMS are inoperable, a leak into the annulus tank may go undetected. 
A leak into the annulus tank leads to the potential for a deflagration 
accident. 
No safety function. Provides filtration of the air leaving the annulus 
tank. 
Provides flow past the leak detection CAMs. Loss of flow would lead 
to inability to detect a leak of the primary tank into the annulus tank. 
A leak into the annulus tank leads to the potential for a deflagration 
accident. 
Provides ability to monitor for a primary tank leaking into the annulus 
tank. A leak into the annulus tank leads to the potential for a 
deflagration accident. 
Monitors flow rate of air through the annulus slots. Loss of flow 
would lead to a loss of tank cooling. Loss of cooling leads to the 
potential for a tank hump accident. 
Provide automatic control of fan speed. However, the fan speeds can 
he manually controlled. 

Exhaust Filters 

Exhaust Fan & VFD 

Leak Detection CAMS 

Flow Instrumentation 

Control Equipment 

ients. 
Safety 

Classification 
sc 

GS 

ss 

sc 

GS 

sc 

SC 

ss 

GS 
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AASHTO 
AC 
ACD 
ALARA 
ASME 
DOE 
DST 
FSAR 
HLW 
HMI 
HNF 
ICE 
LAW 
O&M 
PUREX 
RPP 
RCS 
sc 
SDD 
ss 
ssc 
TBD 
TBR 
TSR 
TWRS 
UL 
W C  
USQ 
WFD 
WFDS 
WTF 

Acronyms 

American Association of State Highway and Transportation Officials 
Administrative Controls 
Advanced Conceptual Design 
As Low As Reasonably Achievable 
American Society of Mechanical Engineers 
U.S. Department of Energy 
Double-Shell Tank 
Final Safety Analysis Report 
High-Level Waste 
Human Machine Interface 
Hanford Nuclear Facility 
Instrument Control and Electrical 
Low Activity Waste 
Operations and Maintenance 
Plutonium-Uranium Extraction 
River Protection Project 
Retrieval Control System 
Safety Class 
System Design Description 
Safety Significant 
Structures, Systems, and Components 
To be determined 
to be refined 
Technical Safety Requirements 
Tank Waste Remediation System 
Underwriters Laboratories 
Uniform Plumbing Code 
Unresolved Safety Question 
Waste Feed Delivery 
Waste Feed Delivery System 
Waste Treatment Facility 
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1.0 INTRODUCTION 

This System Design Description (SDD) identifies performance requirements, defines bases and provides 
references to requisite codes and standards for the definitive design of Waste Feed Delivery System 
(WFDS) Project W-521 Diluent and Flush System. This revision incorporates Level 2 requirements as 
specified in HNF-4163, Rev. 0, Double-Shell Tank Diluenr and Flush Subsystem Speclficarion. 

Project W-521 provides diluent and flush capabilities to all tanks within the project scope. These 
capabilities are provided by new systems or modifications to existing systems. Project W-521 will 
install a single new diluent and flush system that provides diluent for both AW and AP Farms. The 
distribution system installed by Project W-211 at AN Farm will be modified to supply diluent to AY 
Farm. The system installed by Project W-058 for the Cross-Site Transfer System will be modified to 
service all tanks at SY Farm. All systems in the scope of Project W-521 will be brought into compliance 
with the requirements contained in this SDD. 

1.1 System Identification 

The Diluent and Flush System will supply treated water for in-tank and in-line dilution, pipe pre- 
heating, and line flushing for LAW and HLW waste transfers including intra-farm transfers, inter-farm 
transfers, and transfers to the RPP Waste Treatment Facility (WTF). The major components of the 
system are: 

Heating equipment, 
Diluent and Flush structures, 
Chemical unloading equipment, and 
Diluent and Flush water transfer equipment. 

1.2 Limitations 

This SDD revision was prepared in conjunction with the Advanced Conceptual Design (ACD) Phase of 
the WFDS Project W-521. Many of the sections contain information that is preliminary, or of a 
conceptual nature. This SDD will be a living document throughout the design phases of W-521, and 
will become more detailed as the design progresses through Definitive Design. 

Requirements were taken from the Double-Shell Tank Diluent and Flush Subsystem Specification HNF- 
4163, Rev. 0. The previous SDD revision was based on the Draft Level 2 Specifications. 

This SDD does not include requirements or system descriptions for the raw or potable water distribution 
system upstream of the branch point that feeds the W-521 Diluent and Flush System. The main 
distribution headers are under the exclusive control of site utilities. 
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1.3 Ownership 

This SDD is owned by the Project Engineer responsible for the Diluent and Flush System. 

1.4 Definitions 

4dministrative Lock - A locking device that prevents an inadvertent equipment start. Administrative 
locks ensure that the equipment or systems@) being isolated and/or controlled cannot be operated (e.g., 
.emoving the motive force of a transfer pump [e.g., electrical power, steam, water, or air] and installing 
an administrative lock so that the transfer pump cannot be activated) until the administrative lock is 
-emoved. 

Diluent - Water treated with sodium Hydroxide (NaOH) and/or sodium nitrite (NaNO2) used to dilute 
waste as it is retrieved from a tank. 

Seneral Service - Structure, systems, and components (SSCs) not classified as either Safety Class or 
Safety Significant 

Manifold - Remotely installed rigid piping system inside a pit that transfers waste and flush water 
,etween nozzles. 

Physically Connected - Refers only to piping, tanks, and structures and their associated 
nstrumentation. 

Physically connected piping is any piping that is part of or connected to the transfer route. 
Piping need not be considered connected to the transfer route if it is physically disconnected as 
described below. 

An air gap (e.g., removal of piping, transfer jumper) is considered to physically disconnect 
piping on either side of the air gap; or 
A blind flange/process blank in the transfer route is considered to physically disconnect 
piping on either side of the blind flange or process blank; or 
An operable service water pressure detection system is considered to physically disconnect 
piping downstream of the first or second closed isolation valve of the detection system that is 
downstream of the source of pressurized WASTE, depending on how the system pressure 
boundary integrity is tested (see HNF-SD-WM-SAR-067, Chapter 4.0); or 
An OPERABLE backflow prevention system in the 204-AR Waste Unloading Facility is 
considered to physically disconnect piping downstream of the secoid isolation valve that is 
downstream of the source of pressurized WASTE; or 
Two Safety - Significant isolation valves, INDEPENDENTLY VERIFIED to be in the 
closed position, are considered to physically disconnect piping on the downstream side of the 
second closed isolation valve that is downstream of the source of pressurized waste. 
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(Note: Closed valves that are not designated as Safety-Significant do not physically 
disconnect piping from the transfer route). 

The East/West cross-site transfer line and replacement cross-site transfer lines are considered 
PHYSICALLY CONNECTED piping only when cross-site WASTE transfers are in progress. 
The East/West cross-site transfer line is the piping between 241-UX-154 diversion box and 241- 
ER-151 diversion box. The replacement cross-site transfer line is the piping between 241-SY-A 
and 241-SY-B valve pits and the 244-A lift station. 

PHYSICALLY CONNECTED structures are those structures through which PHYSICALLY 
CONNECTED piping runs, or structures that could be subject to leakage from PHYSICALLY 
CONNECTED piping. 

PHYSICALLY CONNECTED tanks are those tanks connected to the transfer route, those tanks 
connected to the PHYSICALLY CONNECTED piping, and those tanks designed to receive 
leakage from PHYSICALLY CONNECTED piping through a drain path. 

U’P Design Authority - A person qualified in the practice of engineering with four years demonstrated 
ob related experience including two years in their specific functional areas. For nuclear structures, 
iystems, or components, they shall have at least one year nuclear experience. The RPP Design 
hthorities for the facility and for the Project must have completed the RPP Design Authority 
2ualification Card and have an appointment letter approved by the RPP Chief Engineer. 

Safety Class (SC) SSC -An SSC that prevents or mitigates releases to the public that would otherwise 
:xceed the offsite radiological risk guidelines, or to prevent a nuclear criticality. Those SSCs that 
;upport the safety function of a SC SSC may also be SC. 

Safety Significant (SS) SSC - An SSC that prevents or mitigates releases of radiological materials to 
mite workers and toxic chemicals to the offsite public and onsite workers. Safety significant also 
lescribes worker safety SSCs that protect the facility worker from serious injury (or fatality) from 
iazards not controlled by institutional safety programs. Those SSCs that support the safety function of 
in SS SSC are also SS. 

Shall- Denotes a requirement. 

ihould - Denotes a recommendation. If a “should” requirement cannot be satisfied, justification of an 
,ltemative design shall be submitted to the Design Authority for approval. 

TBD - To be determined. A study andor calculation needs to be performed in order to provide a 
ufficient technical basis for the requirement. 

TBR - To be refined. A “soft” basis for the requirement has been identified. However, a further study 
ndor  calculation needs to be performed in order to solidify the requirement’s technical basis. 

I 
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Transfer-Associated Structure - Pump pits, valve pits, diversion boxes, or cleanout boxes. 

Waste Feed - Waste slurry to be transferred to the Waste Treatment Facility (WTF) containing a 
mixture of solids and liquids. 

2.0 GENERAL OVERVIEW 

2.1 System Functions 

The overall mission of the Diluent and Flush System is to reliably deliver the required quantities of 
treated water to the storage, treatment and immobilization systems/facilities on schedule, within 
specifications, and in conformance with regulatory, safety, and contractual requirements. To accomplish 
this mission, the Diluent and Flush System must meet the requirements of the following functions: 

Deliver diluent to transfer-associated structures, 
Deliver flush water to transfer-associated structures, and 
Monitor and control the diluent and flush system. 

The safety functions of the Diluent and Flush System are as follows: 

Confine concentrated chemicals and diluent, 
Prevent exposure of the onsite worker to a chemical (principally concentrated caustic) spray 
release, and 
Mitigate exposure to personnel by providing radiation detection and alarm functions. 

2.2 System Classifications 

Most of the subsystems and components within the Diluent and Flush System are classified as “General 
Service’’. Those components that prevent or mitigate a caustic spray leak are also classified as GS. The 
backflow preventer(s) between the raw water system and the Diluent and Flush System are classified as 
safety significant. 

2.3 Basic Operational Overview 

The Diluent and Flush System will be used to supply treated water for in-tank and in-line dilution, pipe 
xe-heating, and line/pump flushing for LAW and HLW waste transfers including intra-farm transfers, 
inter-farm transfers, and transfers to the RPPNTF. A simplified diagram of the systems is shown in 
Figure 2-1. 

Water from the Raw Water Distribution System will be routed to a water heater for heating. 
NaOH or NaN02 will be supplied via a metering pump from a tanker truck. 
The NaOH or NaN02 will be mixed to a pre-determined ratio and routed directly to the valve 
pits for line flushing or in-taddin-line dilution or routed to a temperature controlled storage tank. 
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The Retrieval Control System (RCS) will monitor and control chemical metering pump@), 
diluent supply pump@), water heater operation, system flow rates, temperature, tank level, and 
chemical concentrations. 
A leak detection system provides notification of diluent leakage from the system into a curbed 
concrete low point sump. 

Diluent and Flush System 

Water Healer 

supply 
Pumps Tank Healer 

, Pump; ~ 

Figure 2-1. Typical Diluent and Flush System Major Components 

To Valve & 
Pump Pits 

5.0 REQUIREMENTS AND BASES 

1.1 General Requirements 

rhis section identifies the general requirements for the Diluent and Flush System and the bases for these 
.equirements. 

5.1.1 System Functional Requirements 

i. Reauirement: The Diluent and Flush System shall provide temperatuie-adjusted diluent at an 
adjustable flow rate to the transfer-associated structure to support initiation of waste transfer, 
dilution of waste during the transfer, and subsequent termination of the waste transfer. 

B A :  This requirement is per  HNF-4163. Double-Shell Tank Diluent and Flush Subsystem 
Specification. Rev. 0, Section 3.2.1.1. 
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b. 

<. 

3.1.2 

Reauirement: The Diluent and Flush System shall provide temperature-adjusted and 
chemically adjusted water at an adjustable flow rate to the transfer-associated structure to 
support termination of the waste transfer and corrosion protection of the transfer route. 

m: This requirement is per HNF-4163, Double-Shell Tank Diluent and Flush Subsystem 
Specification. Rev. 0, Section 3.2.1.2. 

Requirement: The Diluent and Flush System shall monitor and control preparation and deliver) 
of diluent and flush solutions. 

m: This requirement is per HNF-4163. Double-Shell Tank Diluent and Flush Subsystem 
Spec$cation. Rev. 0, Section 3.2.1.3. 

Subsystems and Major Components 

3.1.2.1 Heating Equipment 

i. Reuuirement: The Diluent and Flush System shall be capable of providing water or solution 
per the five different flush operations specified in the following table: 

Table 3-1. Diluent System Requirements. 
Operation Required Temp. (OF) Flowrate ( p m )  Required Volume (gal) 
Waste Transfer Line Preheat 165 70 Two times line volume 
In-Line Dilution 155 53 331,200 (5 days) 

155 140 for 3 min. 420 gal 
Transfer and Line Flush 104 1 60 Two times line volume 
In-Tank Dilution 140 140 260,000 
Tank-Heel Flushing 140 140 140,000 

m: This requirement is per direction of the project Design Author@, and is being 
incorporated into the W-521 technical baseline documentation. 

Requirement: The Diluent and Flush System shall have the capability to provide solutions at 
the temperature specified in Table 3-1. 

B A :  This requirement is per HNF-4163, Double-Shell Tank Diluent and Flush Subsystem 
Specification, Rev. 0, Section 3.2. I .  1.c as modifiedper Design Authority direction. 

Reauirement: The Diluent and Flush System shall have the capability to control the diluent 
solution temperature to within i 5°C (9°F). 

B&: This requirement is per HNF-4163, Double-Shell Tank Diluent and Flush Subsystem 
Specijcation. Rev. 0, Section 3.2.1.3.c. 

). 

:. 
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3.1.2.2 Diluent and Flush Structures 

a. Requirement: The Diluent and Flush Station (containing piping, tanks, pumps, etc.) shall have 
adequate containment for unmitigated leaks or spills. 

B A :  This requirement is per  HNF-4163, Double-Shell Tank Diluent and Flush Subsystem 
Specification, Rev. 0, Section 3.3.6.3.b. 

Requirement: The Diluent and Flush Station (containing piping, tanks, pumps, etc.) shall have 
the equipment foundation designed to perform the function of a secondary containment. This 
will consist of a curbed concrete foundation with low point sump(s). The concrete shall be 
coated with a chemically compatible material to prevent leaching of the sodium hydroxide into 
the concrete. The low point sump shall contain an alarm that is connected to the Retrieval 
Control System. The design shall allow a spill or release into the secondary containment to be 
readily removed. 

m: This requirement is per HNF-4163. Double-Shell Tank Diluent and Flush Subsystem 
Specification, Rev. 0, Section 3.3.6.3. b and good engineering practice. 

b. 

3.1.2.3 Chemical Unloading Equipment 

a. 

b. 

C. 

d. 

Requirement: The Diluent and Flush System shall be capable of unloading and using 
concentrated commercial-grade sodium hydroxide (commonly referred to as caustic soda) at a 
concentration of up to 50 wt % provided by the DST Maintenance and Recovery Subsystem. 

Basis: This requirement is per HNF-4163, Double-Shell Tank Diluent and Flush Subsystem 
Specificaiion, Rev. 0, Sections 3.1.2.1.5.a. 3.2.1.l .g.  and 3.2.1.2.a. 

Reauirement: The Diluent and Flush System shall be capable of unloading and using 
concentrated commercial-grade 40 wt % sodium nitrite (NaNO2) provided by the DST 
Maintenance and Recovery Subsystem. 

m: This requirement is per HNF-4163. Double-Shell Tank Diluent and Flush Subsystem 
Specification, Rev. 0, Sections 3.1.2.1.5.b, 3.2.1.l.g, and3.2.I. t .a.  

Reauirement: The sodium hydroxide delivery piping from the truck loading station to the 
temporw storage tank shall meet the design requirements of HNF-SD-WM-TSR-006, AC 5.23 
(Le. minimum wall thickness for piping, or pressure rating of hose, maximum operating pressure, 
and use of polyethylene slewing). 

&: This requirement is per HNF-SD- WM-TSR-006. 

Requirement: The maximum design pressure of the system from the supply truck to the Flush 
and Diluent Station bulk chemical storage shall be as specified in AC 5.23 of 
HNF-SD-WM-TSR-006. 
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&&: This requirement is per HNF-SD- WM-TSR-006. 

Reauirement: The Diluent and Flush Subsystem shall provide concentrated sodium hydroxide 
solution at a concentration up to 50 wt % to adjust the chemical composition of DSTs. 

&&: This requirement is per HNF-4163, Double-Shell Tank Diluent and Flush Subsystem 
Specification, Rev. 0, Section 3.2.1.1 .e. 

Reauirement: The Diluent and Flush Subsystem shall be capable of adjusting the composition 
of sodium hydroxide from 0.010 M to <TBD> M and the composition of sodium nitrite from 
0.01 1 M to (TBD> M to prepare needed diluent and flush solutions. 

m: This requirement is per HNF-4163, Double-Shell Tank Diluent and Flush Subsystem 
Spec$cation, Rev. 0, Section 3.2.1.1.fand 3.2.1.2.6. 

3.1.2.4 Diluent and Flush Water Transfer Equipment 

e. 

f. 

a. 

b. 

C. 

d. 

Reauirement: The Diluent and Flush System shall have the capability to preheat waste transfer 
lines by providing a continuous flow of water or solution that is at least two times the volume of 
the longest planned waste transfer line volume. 

&&: This requirement is per HNF-4163, Double-Shell Tank Diluent and Flush Subsystem 
Specification, Rev. 0, Section 3.2.1.1.a. 

Reauirement: The Diluent and Flush System shall have the capacity to provide heated water or 
solution at up to 450 lbflin2 (3,103 kPa) at the flow rates specified in Table 3-1. 

B M :  This requirement is per HNF-4163, Double-Shell Tank Diluent and Flush Subsystem 
Specification, Rev. 0, Section 3.2.1.1.6. and 3.2.1.2.d. as modifiedper Design Authority 
direction. 

Requirement: The Diluent and Flush System shall have the capability to provide solutions to be 
used for in-line dilution for periods up to five days at the flow rate specified in Table 3-1. 

&&: This requirement is per HNF-4163, Double-Shell Tank Diluent and Flush Subsystem 
Specification, Rev. 0, Section 3.2.1.1.d as modifiedper Design Authority direction. 

Reavirement: The Diluent and Flush System Shall be capable of flushing each waste transfer 
line with a volume of solution that is twice the volume of the transfer line. 

m: This requirement is per HNF-4163, Double-Shell Tank Diluent and Flush Subsystem 
Specification, Rev. 0, Section 3.2.1.2.c. 
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2. Requirement: The Diluent and Flush System shall be capable of immediately (without 
interruption of flow) transitioning from providing a flush solution to providing a diluent solution 
and from providing a diluent solution to providing a flush solution. 

B A :  This requirement is per HNF-4163. Double-Shell Tank Diluent and Flush Subsystem 
Specifcation. Rev. 0, Section 3.3.1.m. 

Requirement: The Diluent and Flush System shall be capable of adjusting the flow rate of 
water or solution to support transitions from the line preheating applicable to' the in-line dilution 
application. 

m: This requirement is per HNF-4163, Double-Shell Tank Diluent and Flush Subsystem 
Specification. Rev. 0, Section 3.3.I.p. 

Requirement: The Diluent and Flush System shall be capable of adjusting the flow rate and 
chemical composition of solutions to support transitions from the in-line dilution application to 
the waste transfer line flush application. 

m: This requirement is per HNF-4163, Double-Shell Tank Diluent and Flush Subsystem 
Specification, Rev. 0, Section 3.3.1.q. 

F. 

3. 

3.1.3 Boundaries and Interfaces 

Subsystems that interface with the Diluent and Flush System are the Piping, Jumper, and Valve System; 
:he ValvePump Pit and Cover Block System; the Mixer Pump System; the ElectricaVWater Utilities 
System; and the Retrieval Control System. These interface relationships are illustrated in Figure 3-1. 

-. ......... I I ",,"e PDl,t,O". PL 

Figure 3-1. Diluent and Flush System Interfaces 
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3.1.3.1 ElectricaWater Utilities System 

a. Requirement: The Electrical Utility System shall provide 480Y/277V and 208Y/120V power to 
the system. 

Basis: Operating System Requirements. This requirement is per HNF-4163, Double-Shell Tank 
Diluent and Flush Subsystem Specification. Rev. 0, Section 3.1.2.1.l.a. 

Requirement: The Diluent and Flush Subsystem shall be capable of receiving raw water at a 
continuous flow rate of at least 0.606 m3/min (160 gal/min) and a minimum pressure of 552 !&'a 
(80 lb/in2 gauge). 

B A :  This requirement is per HNF-4163, Double-Shell Tank Diluent and Flush Subsystem 
Specification, Rev. 0, Section 3.1.2.1.2.a. 

b. 

3.1.3.2 Retrieval Control System 

a. 

b. 

" I. 

i. 

s *. 

Requirement: The Diluent and Flush System shall be capable of receiving industry standard 
control signals. 

m: This requirement is per HNF-4163, Double-Shell Tank Diluent and Flush Subsystem 
Specification. Rev. 0, Section 3.1.2.1.4.a. 

Requirement: The Diluent and Flush System shall be capable of receiving a control fimction to 
terminate diluent'flush water supply at preset volumes. 

m: This requirement is per HNF-4163, Double-Shell Tank Diluent and Flush Subsystem 
Specification, Rev. 0, Section 3. I .  2. I .  4. b. 

Requirement: The Diluent and Flush System shall monitor temperature, pressure, flow rate, 
and solution compositions. 

B-: This requirement is per HNF-4163, Double-Shell Tank Diluent and Flush Subsystem 
Specification, Rev. 0, Section 3.2. I .  3. a. 

Requirement: The Diluent and Flush System shall measure the quantity of heated water or 
solution provided to the transfer-associated structure. 

m: This requirement is per HNF-4163, Double-Shell Tank Diluent and Flush Subsystem 
Specification, Rev. 0, Section 3.2.1.3.b. 

Requirement: In the event of a loss of power, the system shall fail such that no further water or 
chemicals can be added to a tank. 
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m: This requirement is per  HNF-4163. Double-Shell Tank Diluent and Flush Subsystem 
Speclfication, Rev. 0, Section 3.2.1.3 d. 

Requirement: The Diluent and Flush System shall be controllable by the Retrieval Control 
System. Chemical adjustments to flush and diluent solutions, temperature adjustments of the 
solution, flow rate adjustments of the solutions, and the shut down of the system shall be possiblc 
from the Retrieval Control System. 

m: This requirement is per  HNF-4163, Double-Shell Tank Diluent and Flush Subsystem 
Specification, Rev. 0, Section 3.3.1.0. 

f. 

3.1.3.3 Piping, Jumper, and Valve System 

3. Reauirement: There shall be provisions for prevention and detection of backflow from the 
Piping, Jumper, and Valve System. Requirements for prevention and detection of waste 
backflow are contained in W521-SDD-05. 

B d :  This requirement is per  HNF-4163, Double-Shell Tank Diluent and Flush Subsystem 
Specification, Rev. 0, Section 3.3.1. h. 

5.1.3.4 Mixer Pump System 

I. Reauirement: The Diluent and Flush System shall be capable of providing water at 200 
gallmin (760 L/min) to the Mixer Pump System. 

B&: This requirement is per  HNF-4164, Double-Shell Tank Mker  Pump Subsystem 
Specification, Rev. 0, Section 3.2.1.5. 

1.1.4 Codes, Standards and Regulations 

ks ign  requirements applicable to the Diluent and Flush System come from government and 
ion-government source documents and various codes and standards. Each document (of the exact 
evision identified) in this section is invoked by one or more requirements of this specification and 
epresents a part of this specification to the extent specified. 

1.1.4.1 Government Documents 

J.S. Department of Energy (DOE) orders and regulatory documents, including those promulgated by the 
:ederal Government and Washington State constitute a part of this specification to the extent specified 
ierein. The regulatory documents that form a part of this specification are listed in Table 3-2. 
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Jational codes, standards, and the Hanford Site documents listed in Table 3-3 constitute a part of this 
pecification to the extent specified herein. Note: The RPP-PROS implement federal and state 
egulations and DOE orders. In addition, it should be noted that some requirements are based on the 
xisting authorization basis documents (HNF-SD-WM-SAR-067, HNF-SD-WM-TSR-006, etc.). The 
iutborization Basis requirements may be changed, if necessary, after analysis and justification of the 
esulting risk being incurred have been outlined in a final safety analysis report (FSAR) amendment and 
pproval is obtained from DOE Office of River Protection. In addition, the list of procedures is not 
ntended to be complete, but rather to identify key ones which, when implemented, will support 
uccesshl completion of design activities. Specific other procedures/documents are referenced 
hroughout the sections of this document. 
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New York. 
Emergency Eyewash and Shower Equipment, American National 
Standards Institute. 
Nuclear Qualiw Assurance Program Requirements for Nuclear 

Table 3-3. Non-Government Documents 
Document Number I Title 
AASHTO. H20-44.1996 I Standard Snecification for HS-20. Hiehwav Loadine. American 

HNF-SD-WM-SAR-067, Rev. 1, 1999 

HNF-SD-WM-SEL-040, Rev. 1, 1998 

HNF-SD-WM-SP-012, Rev. 1, 1999 

HNF-SD-WM-TSR-006, Rev. 0-R, 

. I  - 
I Association of State Hikhuay and Transportation Officials. 
1 Procesq Piping, .4merican Sociec of .\lechanical Engineers, New York, ASME 031 3, 1999 

- 
Hanford, Riihlan;, Waihington. 
Tank Waste Remediation System Final Safety Analysis Report, Fluor 
Daniel Hanford, Richland, Washington. 
TWRS Facility Safety Equipment List, Lockheed Martin Hanford 
Corporation for Fluor Daniel Hanford, Richland, Washington. 
Operations and Utilization Plan, Numatec Hanford Corporation, 
Lockheed Martin Hanford Corporation and COGEMA Engineering 
Corporation for Fluor Daniel Hanford, Richland, Washington. 
Tank Waste Remediation System Technical Safety Requirements, Fluor 

ities; American Society ofMechanical Engineers, New York, New 

Fluor Daniel Northwest for Fluor Daniel Hanford, Inc., Richland, 
I Washington. 
I RPPAdministration , “Tank Farm Operations Equipment Labeling,” HNF-IF’-0842, Vol. 11, Section 6.1, 

Rev. IA, 1999 
HNF-MP-599, Rev. 3,1999 

I Lockheed Martin Hanford Corporation, Richland, Washington. 
I Project Hanford Oualirv Assurance Praaram Descriution, Fluor Daniel 

1999 
WHC-SD-GN-ER-501, Rev. 1, 1998 

I Daniel Hanford, Richland, Washington. 
I Natural Phenomena Hazards, Hanford Slte, Washington, Numatec 
I Hanford Corporation for Fluor Daniel Hanford. Richland. Washington. 
I Tank F a r m  Heulrh aiid 5afiry Plan, Lockheed Manin Hanford WHC-SD-WM-HSP-002, Rev. 3.4. 

1998 I Corporation for Fluor Daniel Hanford, Richland, Washington. 

8.1.5 Operability 

)perability requirements shall, in general, be consistent with commercial practices. Specific 
equirements shall be specified during definitive design. 
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3.2 Special Requirements 

3.2.1 Radiation and Other Hazards 

The system is not expected to be in direct contact with the waste and is not expected to see any general 
area radiation beyond a few mremihr at the piping interface with the Piping, Jumper, and Valve System. 

Requirement: The Diluent and Flush System equipment shall be capable of receiving and 
mixing concentrated caustic solutions obtained from a supplier that are up to 50 wt %. 

B&: This requirement is per HNF-4163, Double-Shell Tank Diluent and Flush Subsystem 
Specification, Rev. 0, Section 3.2.5.2.I.a. 

Reauirement: The Diluent and Flush Subsystem equipment shall be capable of receiving and 
mixing concentrated and nitrate solutions obtained from a supplier that are up to 40% wt %. 

B A :  This requirement is per HNF-4163, Double-Shell Tank Diluent and Flush Subsystem 
Specification, Rev. 0, Section 3.2.5.2.1.b. 

Reauirement: All components that may become contaminated with radioactive or other 
hazardous materials under normal or abnormal operating conditions shall be designed to 
incorporate measures to simplify fhture decontamination and decommissioning in accordance 
with DOE Order 6430.1A, 1300-11. 

B A :  This requirement is per HNF-4163, Double-Shell Tank Diluent and Flush Subsystem 
Specification, Rev. 0, Section 3.3.8.a. 

3.2.2 ALARA 

3. Reauirement: The Diluent and Flush System shall be designed to keep personnel exposure as 
low as reasonably achievable (ALARA) in accordance with RPP-PRO-1621 and RPP-PRO- 
1622. 

m: This requirement is per  HNF-4163, Double-Shell Tank Diluent and Flush Subsystem 
Specification. Rev. 0, Section 3.3.6.1.b. 

1.2.3 Nuclear Criticality Safety 

VIA 

3.2.4 Industrial Hazards 

i. Reauirement: The system shall incorporate occupational safety and health design features that 
comply with the requirements of HNF-SD-WM-HSP-002. 
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&&: This requirement is per HNF-4163, Double-Shell Tank Diluent and Flush Subsystem 
Specification, Rev. 0, Section 3.3.6.1.a. 

Requirement: Safety shower and eyewash stations shall be provided at the diluent and flush 
stations and shall comply with ANSI 2358.1. 

B-: This requirement is per HNF-4163, Double-Shell Tank Diluent and Flush Subsystem 
Specifcation, Rev. 0, Section 3.3.6. I .  c. 

3.2.5 Operating Environment and Natural Phenomena 

b. 

a. 

b. 

c I. 

Requirement: The system shall be designed for the natural environmental conditions specified 
in HhF-SD-GN-ER-501. 

B&: This requirement is per HNF-4163, Double-Shell Tank Diluent and Flush Subsystem 
Specijication, Rev. 0, Section 3.2.5.1.a. 

Requirement: The system shall be designed to withstand the natural phenomena hazards as 
specified in LMH-PRO-097. 

m: This requirement is per HNF-4163. Double-Shell Tank Diluent and Flush Subsysiem 
Specifcation, Rev. 0, Section 3.2.5.1.6. 

Requirement: The containment skid shall be resistive to pressure gradients above and below 
the foundation and shall be capable of preventing failure caused by settlement, compression, or 
uplift. 

m: This requirement is per HNF-4163, Double-Shell Tank Diluent and Flush Subsystem 
Specification, Rev. 0, Section 3.2.5.l.c. 

3.2.6 Human Interface Requirements 

i. Requirement: The Diluent and Flush System design shall comply with DOE 6430.1A, Section 
1300.12, “Human Factors Engineering.” 

B A :  This requirement is per HNF-4163, Double-Shell Tank Diluent and Flush Subsystem 
Specification, Rev. 0, Section 3.3.7.a. 

5.2.7 Specific Commitments 

\Jo specific commitments have been identified. 
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3.3 

3.3.1 

a. 

b. 

3.3.2 

a. 

b. 

- ". 

i. 

Engineering Disciplinary Requirements 

Civil and Structural 

Requirement: All concrete work shall meet the applicable design and construction 
requirements contained in ACI 3 18. 

m: This requirement is per HNF-4163, Double-Shell Tank Diluent and Flush Subsystem 
Specification, Rev. 0, Section 3.3.l.c. 

Requirement: Buried portions of the diluent and flush supply lines shall be back-filled with a 
noncorrosive, porous, homogenous medium to ensure that the piping is fully and uniformly 
supported. 

&&: This requirement is per HNF-4163, Double-Shell Tank Diluent and Flush Subsystem 
Specification, Rev. 0, Secrion 3.3.1.j 

Mechanical and Materials 

Requirement: The piping shall meet the applicable design and construction requirements 
contained in ASME B3 1.3. 

B&: This requirement is per HNF-4163, Double-Shell Tank Diluent and Flush Subsystem 
Specification, Rev. 0, Sections 3.3.1.a. 

Requirement: All valves shall meet the applicable design and construction requirements 
contained in ASME B16.34. 

m: This requirement is per HNF-4163. Double-Shell Tank Diluent and Flush Subsystem 
Specification, Rev. 0, Sections 3.3.1.6. 

Requirement: Polyethylene (or equivalent) sleeving shall be provided around sodium 
hydroxide delivery piping. 

B A :  This requirement is per HNF-4163, Double-Shell Tank Diluent and Flush Subsystem 
Specification. Rev. 0, Section 3.3.1.i. 

Requirement: For the connection to the Transfer Valving Subsystem, ihe Diluent and Flush 
System shall use material that can be welded to 304L stainless steel and is compatible with 304L 
stainless steel. 

&&: This requirement is per HNF-4163, Double-Shell Tank Diluent and Flush Subsystem 
Specification, Rev. 0, Section 3.3.1.k. 
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e. 

E 

5 

1. 

5.3.3 

i. 

1.3.4 

1. 

Requirement: The Diluent and Flush Subsystem shall comply with “Carriage by Public 
Highway,” “General,” Title 49 CFR 177.834, parts (1)(2)-(5), during tanker unloading. 

m: This requirement is per HNF-4163, Double-Shell Tank Diluent and Flush Subsystem 
Specification. Rev. 0, Section 3.3.1.1. 

Requirement: The piping for conveying dilute sodium nitrate and sodium hydroxide solutions 
from the Diluent and Flush System to the appropriate valve pit shall meet the requirements of 
DOE 6430.1A, Sections 1300-7.1 and 1300-7.4. 

m: This requirement is per HNF-4163, Double-Shell Tank Diluent and Flush Subsystem 
Specification. Rev. 0, Section 3.3.1.n. 

Requirement: The diluenvflush supply piping to the valve and pump pits shall have a design 
pressure rating at least 450 Ibf/in* (3,103 kPa). 

B A :  This requirement is per HNF-4163. Double-Shell Tank Diluent and Flush Subsystem 
Specifcation. Rev. 0, Section 3.3. I.r, as modified per Design Authority direction. 

Requirement: The Diluent and Flush Subsystem shall be designed and operated such that water 
hammer events are precluded from occurring, or an analysis is performed to determine the 
adequacy of the design to handle maximum water hammer events. 

m: This requirement is per HNF-4163. Double-Shell Tank Diluent and Flush Subsystem 
Spec$cation, Rev. 0, Section 3.3.6.2. a. 

Chemical and Process 

Requirement: Dry disconnect couplings shall be provided for connections to the chemical 
supply truck. 

B A :  This requirement is per HNF-4163, Double-Shell Tank Diluent and Flush Subsystem 
Specification, Rev. 0, Section 3.3.1.e. 

Electrical Power 

Requirement: Electrical equipment enclosures shall be, as a minimum NEMA Type 4 or 4: 
per industrial controls and systems, NEMA ICs 6 .  Electrical enclosures shall have the cover 
secured by a toggle-actuated handle to minimize difficulties in opening and fully securing the 
enclosure. 

B&: This requirement is per HNF-4163, Double-Shell Tank Diluent and Flush Subsystem 
Specification, Rev. 0, Section 3.3.1.d. Note: the Design Authority is processing paperwork to 
resolve issue. Electrical enclosures andjunction boxes of the proper NEMA rating shall be 
utilized. 
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b. Requirement: Electrical materials and equipment shall be Underwriters Laboratories (UL) or 
factory-mutual tested, with label attached, for the purpose intended, whenever such products are 
available. Where no UL or factory-mutual listed products of the type are available, testing and 
certification by the RPP Design Authority in conjunction with the Flammable Gas Equipment 
Advisory Board or by a nationally recognized testing laboratory (NRTL) shall be acceptable. 

B: This requirement is per  HNF-4163, Double-Shell Tank Diluent and Flush Subsystem 
Specification. Rev. 0, Section 4.1.2. 

3.3.5 Instrumentation and Control 

I .  Requirement: The Diluent and Flush System routing valves shall be provided with position 
switches. 

m: This requirement is per  HNF-4163, Double-Shell Tank Diluent and Flush Subsystem 
Specification, Rev. 0, Section 3.3.1.g. 

Requirement: The system shall comply with electromagnetic radiation emission requirements 
set forth in HNF-2962. 

w: This requirement is per HNF-4163, Double-Shell Tank Diluent and Flush Subsystem 
Specification, Rev. 0, Section 3.3.2. 

3. 

5.3.6 Computer Hardware and Software 

Vo computer hardware and software requirements are identified. 

5.3.7 Fire Protection 

Vo fire protection requirements are identified for the Diluent and Flush System. 

5.4 Testing and Maintenance Requiremeqts 

5.4.1 Testability 

resting features shall be designed to implement testing requirements. System deL.,n shall incorporate 
reatures for verifying system operability. 

L4.2 TSR-Required Surveillance 

rhere are no TSR Related Surveillances identified at this time for the Diluent and Flush System. 
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3.4.3 

a. 

b. 

3.4.4 

a. 

b. 

C. 

3.5 

3.5.1 

Non-TSR Inspections and Testing 

Requirement: Seat closure tests shall be performed for diluent and flush valves in accordance 
with the test methods in ASME B16.34 and MI-598. Seat leakage from each flow side to the 
isolated port shall be within the limits specified in API-598. 

m: This requirement is per HNF-4163, Double-Shell Tank Diluent and Flush Subsystem 
Specification, Rev. 0, Section 4.1.2.a, as modified by engineering judgment. 

Requirement: Shell tests shall be performed for diluent and flush valves in accordance with 
ASMEB16.34. 

m: This requirement is per HNF-4163, Double-Shell Tank Diluent and Flush Subsystem 
Specification. Rev. 0, Section 4.1.2. b. 

Maintenance 

Requirement: Mean time to repair for the Diluent and Flush System, during unplanned outages, 
shall be less than 24 hours. This time does not include logistics delay time or administrative 
delay time. 

m: This requirement is per HNF-4163, Double-Shell Tank Diluent and Flush Subsystem 
Specification, Rev. 0, Section 3.2.4.a. 

Requirement: A single replaceable component of the Diluent and Flush System shall be 
designed to enable replacement within eight hours. This time does not include logistics delay 
time or administrative delay time. 

m: This requirement is per HNF-4163, Double-Shell Tank Diluent and Flush Subsystem 
Specifcation, Rev. 0, Section 3.2.4. b. 

Requirement: The diluent and flush supply lines shall be designed to require no maintenance. 

B d :  This requirement is per HNF-4163, Double-Shell Tank Diluent and Flush Subsystem 
Specification, Rev. 0, Section 3.5.1.6. 

Other Requirements 

Security and SNM Protection 

No security or SNM issues are associated with this system. 
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3.5.2 Special Installation Requirements 

a. Requirement: Consideration shall be given to the use of “hose bibs” from the Diluent and Flusf 
System to be used as a source of hot water for washing equipment removed from the tanks. 

m: This requirement is per HNF-4163, Double-Shell Tank Diluent and Flush Subsystem 
Specification, Rev. 0, Section 3.2.7. 

Reliability, Availability, and Preferred Failure Modes 

Requirement: The design life of the Diluent and Flush System shall be 35 years. Replacement 
of major components is allowable if this is the most cost-effective approach. 

B&: This requirement is per HNF-4163, Double-Shell Tank Diluent and Flush Subsystem 
Specification, Rev. 0, Section 3.2.3.a. 

Requirement: The Diluent and Flush System shall be capable of providing heated diluentlflush 
water after a single failure of an active component. 

Basis: This requirement is per HNF-4163. Double-Shell Tank Diluent and Flush Subsystem 
Specifcation, Rev. 0, Section 3.2.3.b. 

Requirement: The Diluent and Flush System shall allow for local restart by the operator 
following actuation of a leak detector for the purpose of flushing the line. 

B&: This requirement is per HNF-4163, Double-Shell Tank Diluent and Flush Subsystem 
Specifkation, Rev. 0, Section 3.2.3.c. 

3.5.3 

a. 

b. 

c. 

3.5.4 Quality Assurance 

a. Requirement: Quality assurance for the Diluent and Flush System shall be performed in 
accordance with HNF-IP-0842, Volume XI, Section 1.0. 

B A :  This requirement is per HNF-4163, Double-Shell Tank Diluent and Flush Subsystem 
Specification, Rev. 0, Section 4.0. 

Requirement: Design verification shall be performed on the Diluent and Flush System subject 
to the procedure identified in RPP-PRO-1819, Section 2.9.1. 

m: This requirement is per HNF-4163, Double-Shell Tank Diluent and Flush Subsystem 
Specifcation. Rev. 0, Section 4.2. 

b. 
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3.5.5 Miscellaneous 

a. 

b. 

C. 

d. 

4.0 

4.1 

4.1.1 

Requirement: The system shall label new equipment andor modifications to existing 
equipment in a standardized format in accordance with the tank f a m  labeling program as 
specified in HNF-IP-0842, Volume 11, Section 6.1. 

Basis: This requirement is per  HNF-4163, Double-Shell Tank Diluent and Flush Subsystem 
Specification. Rev. 0, Section 3.3.3.u. 

Requirement: All chemical and other pipelines shall be individually marked in accordance with 
DOE Order 6430.1A. Section 1323.4.3. 

B&: This requirement is per  HNF-4163, Level 2 Specification for  the Diluent and Flush 
System, Section 3.3.3.b. 

Requirement: Records, documents, and drawing control pertinent to design functions shall be 
in accordance with RPP-PRO-222, and RPP-PRO-224. Engineering document development 
shall be in accordance with RPP-PRO-709. 

w: This requirement is per  HNF-4163, Double-Shell Tank Diluent and Flush Subsysfem 
Specification. Rev. 0, Section 3.4.a. 

Reauirement: All SSCs shall be incorporated into the master equipment list in accordance with 
HNF-IP-0842, Volume 11, Section 6.1. 

Basis: This requirement is per HNF-4163, Double-Shell Tank Diluent and Flush Subsystem 
Spec$cution, Rev. 0, Section 3.4.6. 

SYSTEM DESCRIPTION 

Configuration Information 

Description of System, Subsystems and Major Components 

The major components of the Diluent and Flush System consist of chemical tanker offload equipment, a 
package water heater with associated support equipment, metering pumps for chemical injection, a static 
mixing tee, a mixing and storage tank, supply pumps, valves, piping, and instnimentation used for 
monitoring and control. This equipment will be used to supply treated water to the waste transfer piping 
system to be routed for in-tank or in-line dilution, transfer pipeline preheating, and transfer line/pump 
flushing. For in-line and in-tank dilution, the dilution ratio will be adjusted to attain the required fluid 
?roperties for transfer and storage. Waste parameters will be monitored in tank and at transfer pump 
sutlet and will be used to determine the properties of the waste. These parameters include density, flow, 
:emperatwe, and pressure. 
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Radiation detectors are provided at the point where the piping system goes underground to monitor for 
backflow of waste to provide detection and alarm for personnel protection. 

Heat trace will be provided to prevent freezing of the components during cold weather. Equipment such 
as pumps and associated controls will be housed in heated enclosures or rated for outdoor use. 

The following sections provide a brief description of major components in the Diluent and Flush 
System. A simplified P&ID of the system is shown in Figure 2-1. 

4.1.1.1 Heating Equipment 

A packaged hot water heating system, will be used to heat the raw water for use in the AW Farm 
dilution system. The system will be a self-contained, skid-mounted, electrical water heater that is 
capable of providing 53 gpm at 155 O F .  Heater sizing is based on anticipated in-line dilution continuous 
flowrate of 53 gpm. 

The existing hot water heating system, installed by project W-058, will be modified to heat the raw 
water for use in the SY Farm dilution system. The system consists of two 500 kW electric water heaters 
mounted on a common skid, capable of providing approximately 65 gpm at 150 O F .  An additional 135 
Kw Electrical Heater will be installed. This heater size is sufficient based on a continuous in-line 
dilution flowrate of 53 gpm and preheating the cross-site transfer lines. 

During the definitive design process, the capability of existing electrical infrastructure, including 
incoming electrical lines and transformers shall be assessed. Dyncorp and Parsons Infrastructure and 
Technology Group, and Facility Electrical Engineering shall review and approve the assessment, any 
calculations, and electrical load design drawings. The design will either not exceed the current electrical 
capabilities, or provide for and required upgrades. The related facility calculation updates shall be 
completed and addressed as part of the project ABU. 

4.1.1.2 Diluent and Flush Structures 

Two flexible connections will be provided to allow parallel connection of two tanker trucks to the 
system. Chemicals to be off loaded include sodium hydroxide for pH control and sodium nitrite for 
corrosion prevention. Truck parking area(s) are bermed to contain the chemicals, should the contents of 
tanker leak to the ground. A roof structure will be provided to minimize water intrusion/collection. 

4.1.1.3 Chemical Unloading Equipment 

The hot water/chemical supply system will deliver a nominal flowrate of 53 gpm of up to 19 Molar (M) 
of sodium hydroxide and up to 10 M of sodium nitrite at up to 155°F out to the valve pits for routing to 
the transfer pump pit, mixer pump pit, or valve pits. Positive displacement pumps will inject the 
chemicals into the heated raw water as it exits the water heater system. The hot water and the chemicals 
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will be mixed in an in-line static mixer. Flowrate and density of the solution will be monitored to ensure 
the desired diluent concentrations are achieved. 

The chemical solution can be routed into a storage tank that will have a temperature control system to 
maintain the temperature of the solution for storage and eventual use or the solution can be routed 
directly to the waste transfer line for in-linelin-tank dilution at a 53-gpm flowrate. The storage tank is 
sized such that it can provide 2 line volumes of diluent for transfer line post transfer flushing in a batch 
operation. Preliminary calculations of the maximum line length from the AW Farm Diluent and Flush 
System skid to the WTF indicate that a volume of 2 x 1,100 gallons is needed for the post transfer flush. 
Although the total volume equates to 2,200 gallons, plus 140 gpm for 30 min. a minimum tank size of 
10,000 gallons will be used to allow for future needs. The maximum line length for the SY Farm 
Diluent and Flush System skid is associated with flushing the cross-site transfer line. The current 
operating procedure indicates that 1 x 13,600 gallons is needed for the post transfer flush. The total 
volume equates to 13,600 gallons. A feed and bleed approach will be used whereby the tank will be 
continuously filled with heated water at the rate of 60 gpm during the 140 gpm flushing operation. The 
design of the SY Farm diluent system will include a storage tank with a nominal capacity of 20,000 
gallons. 

The diluent/flush pump (60 hp) at the storage tank discharge is sized to deliver a maximum flow rate of 
140 gpm. A Yi Hp pump will provide a recirculation mixing capability for the tank contents. 

4.1.1.4 Diluent and Flush Water Transfer Equipment 

A new 3 in. raw water line will be required for supplying water to the hot water heater for the AW Farm 
system. The new line will tie into the existing raw water distribution system line. A certified reduced 
pressure backflow prevention assembly will be installed at the tie-in to the raw water for cross- 
connection contamination control. 

New underground piping for the Diluent and Flush System will be epoxy coated and insulated for 
corrosion protection and heat retention. 

The piping will be designed in accordance with the requirements of ASME B31.3. The material 
selection will be consistent with current RPP Project W-211. The Diluent and Flush System will be 
designed with a minimum slope of 1/8 inch per foot as required for gravity drain lines per UPC. If this 
is not feasible due to existing obstructions, then the lines will incorporate a continuous slope of at least 
0.25%. 

4.1.1.5 Low Point Sump Leak Detection Sensors 

Low point sump leak detectors shall be provided to detect chemical leakage from the Diluent and Flush 
System piping or accumulations of fluids in the low point sump. The leak detection system will serve to 
detect a leak to allow for timely response to mitigate the leak. 

4.1.2 Boundaries and Interfaces 
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Systems that interface with the Diluent and Flush System are the Piping, Jumper, and Valve System, the 
ElectricaVWater Utilities System, the Mixer Pump System, the Retrieval Control System, and the 
Valve/Pump Pits/Cover Block System. The diluent and flush lines enter the ValvePump PitdCover 
Block System through a core-drilled hole in the side of the valve pits. The diluent and flush solutions 
are transferred through the piping and interface with the Piping, Jumper, and Valve System at a PUREX- 
type connector anchored to the transfer-associated structure. The Diluent and Flush System metering 
pumps, supply pumps, valve actuators? and instrumentation interface with the ElectricaVWater Utilities 
System and the Retrieval Control Subsystem above grade junction boxes and at plugged connections. 
Additionally, the Diluent and Flush System interfaces with the Electrical/Water Utilities System at the 
nranch point off of the main raw water distribution system and feeds water to the Mixer Pump System. 

1.1.3 Physical Location and Layout 

rhe Diluent and Flush System components are proposed to be located on the west side of the 241-AW 
Farm. This location has been selected based on proximity to the AW Farm valve pits and space 
available for the water heater package, diesel fuel tank, storage tank, pumping and instrument 
mclosures, and chemical off-load equipment. The SY Farm, Diluent and Flush System are located 
northwest of the farm and directly adjacent to the 242-S evaporator. 

1.1.4 Principles of Operation 

1.1.5 System Reliability Features 

The current concept for ensuring a reliable Diluent and Flush System is to provide the following: 

Redundant supply pumps, one primary and one backup, 
Redundant metering pumps , and 
Redundant Variable Speed Drives for each of the pumps to supply power and control pump 
speed. 

These are some of the features that increase the reliability of the Diluent and Flush System. The 
reliability features of this system will be further defined as the design develops. 

4.1.6 System Control Features 

4.1.6.1 System Monitoring 

Capability will be provided by the Retrieval Control System to monitor Diluent and Flush System 
parameters at the AW Farm Instrument Control and Electrical (ICE) Human Machine Interface (HMI). 
This includes pump status, tank status, valve status, water heater status, and system flow, pressure and 
temperature status and chemical concentration. The individual parameters are described in detail in W- 
521-SDD-04, Retrieval Control System SDD. 

Safety Significant . 
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Local flow totalizers will be utilized to indicate total additions of diluent andor flush water flow. 

4.1.6.2 Control Capability and Locations 

A Diluent and Flush control system is required to control process variables at desired levels. 

The Diluent and Flush control system shall have stand-alone local monitor and control capability. Under 
normal operations the system will be started in local mode, and continued operation will be monitored 
and controlled in remote mode using the AW Farm ICE HMI. 

These parameters to be controlled include water heater outlet temperature, storage tank temperature and 
level control, pump speed and outlet flow control for diluent flow adjustments, and flow control for the 
metering pumps to assure correct chemical concentration of the solution is maintained. The system 
control features for the Diluent and Flush System are further described in the W-521-SDD-04, Retrieval 
Control Subsystem SDD. Capability will be provided for execution of monitoring and control functions 
from the AW Farm ICE Building local-remote HMI. 

4.1.6.3 Automatic and Manual Actions 

Supply and metering pumps will automatically shut down upon activation of the transfer line leak 
detection sensors. This capability is necessary in order to assure diluent flow to the waste transfer 
system is stopped when the master pump shutdown system initiates a shutdown for the transfer. 
Capability for manual restart of the flush system is provided in order to perform post shutdown flush as 
desired. 

4.1.6.4 Setpoints and Ranges 

Setpoints and ranges will be defined as the design progresses. 

4.1.6.5 Interlocks, Bypasses and Permissives 

These controls will be- defined as the design progresses. 

4.2 Operations 

The WFD Operations and Maintenance (O&M) Philosophy provides the project with constraints and 
guidance on system operations and developing operations procedures. The O&M Philosophy and the 
WFD O&M Concept (HNF-1939) are the primary bases for developing the Project Operations Plan. 
The O&M Concept is strongly influenced by the primary interfaces with the WTF. Significant penalties 
andor increased costs may be incurred for failure to provide waste feed of sufficient quality and 
quantity. Therefore, new facilities and upgrades of existing facilities are being designed such that there 
is minimal disruption of WFD due to system failures. System design and operation is optimized to 
support availability, reliability, and accommodate parallel processes where appropriate. Most of the 
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concepts in the O&M Philosophy are related to keeping the WFD systems operating while supplying 
feed to the WTF and minimizing the shutdown time necessary for maintenance and repairs. 

Systems are designed to be as reliable as possible with little or no preventive maintenance or testing. 
The higher initial costs associated with more robust SSCs will be recovered through reduced down time, 
repairs, and avoiding contractual costs from the inability to provide feed to the WTF. The Operations 
Plan and Operations Procedures are developed in coordination with interfacing projects to ensure a 
consistent O&M concept is implemented for all waste retrieval systems supporting WFD. The guidance 
for preparation and content of operations documentation is provided in HNF-IP-0842, Volume IV, 
Section 2.15 “Operations and Maintenance Planning Process” and on the RPP Systems Engineering 
Web Site. 

Prior to each initial system startup, readiness to start-up will be verified to meet the intent and 
requirements of the RPP procedure for facilities startup and readiness, RPP-PRO-55 “Facilities Start-up 
Readiness” which implements US .  Department of Energy (DOE) Order 425.1, Startup and Restart, of 
Nuclear Facilities. The level and type of review will be conducted at the lowest practical level 
commensurate with the project safety risk. 

4.2.1 Initial Configuration (Pre-Startup) 

Pre startup configuration will be determined based on manufacturers recommendation 

4.2.2 System Start-up 

Vendor representatives will provide supervision during system startup. 

4.2.3 Normal Operations 

New systems will be operated in accordance with the approved operating procedures prepared for the 
system. 

4.2.4 Off-Normal Operations 

Off-normal operations will be covered in the applicable operating and emergency response procedures. 
Generally, the response to any off-normal situation will be to place the system in a safe, shutdown 
condition if initial operator response does not mitigate the situation. The on-duty operators may perfom 
this shutdown in a controlled manner manually from the control area, or it may occur automatically, 
depending on the speed necessary to place the system in a safe condition. 

4.2.5 System Shutdown 

The systems will be shutdown as part of their respective operating procedures. 

4.2.6 Safety Management Programs and Administrative Controls 
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These controls will be defined as the design progresses. 

4.3 Testing and Maintenance 

4.3.1 Temporary Configurations 

In order to perform some maintenance and testing activities, it may he necessary to align the system 
other than for normal operations. Any situations requiring temporary configurations will be controlled 
via formal work procedures to ensure normal system configuration is restored when the maintenance or 
testing activity is complete. Under no circumstances will the system be allowed to operate with a 
temporary configuration until a formal temporary procedure change is written and approved. This 
procedure change process will ensure a USQ screening is performed and that the system will not be 
operated outside of its Authorization Basis. 

4.3.2 TSR-Required Surveillance 

No TSRs required surveillances are identified at this time 

4.3.3 Non-TSR Inspections and Testing 

Specific non-TSR inspections and testing for the Diluent and Flush System have not been identified. 
However, appropriate preventive and predictive maintenance will be performed to maintain the 
equipment in a satisfactory condition throughout the design life. 

4.3.4 Maintenance 

4.3.4.1 Post Maintenance Testing 

Specific post maintenance testing activities for the system have not been identified. However, post 
maintenance testing will be conducted to ensure maintenance is properly performed, the 
identified/original deficiency is corrected, and the equipment is restored to an operational status. The 
rigor of post maintenance tests will be based on the extent of maintenance performed and the importance 
to plantkystem safety and reliability. Post maintenance testing will be performed and documented in 
accordance with HNF-IP-0842, Volume V, Section 7.2 “Post Maintenance Testing” and HNF-IP-0842, 
Volume IV, Section 4.28 “Testing Practices Requirements”. 

4.3.4.2 Post-Modification Testing 

Specific post maintenance testing activities for the system have not been identified. However, post 
modification testing will be essentially the same as post maintenance testing. It is performed to ensure 
that the safety related functions of a system still perform satisfactorily after the system or equipment has 
been modified. Post modification testing is performed in accordance with the same guiding documents 
used for post maintenance testing. 
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1.0 INTRODUCTION 

This System Design Description (SDD) identifies performance requirements, defines bases, and 
provides references to requisite codes and standards for the Waste Feed Delivery System (WFDS) 
Project W-521 ElectricaNater Utilities System. This system provides electrical power and rawipotable 
water to equipment and structures used to transfer low activity waste (LAW) and high-level waste 
(HLW). This revision incorporates Level 2 requirements as specified in HNF-4157, Rev. 0, Double- 
Shell Tank Utilities Subsystem Specification. There are no service/instrument air modifications in the 
WFDS Project scope, therefore, those subsystems are not addressed in this SDD. 

1.1 System Identification 

The ElectricaVWater Utilities System described in this SDD provides the electrical power to mixer, 
transfer, and diluent pump motors; and to the Retrieval Control System (RCS). In addition, it supplies 
raw water for transfer line dilutiodflushing and for mixer pump fill and sparging. Finally, the system 
supplies potable water to structures and equipment within the project scope. 

The ElectricaNater Utilities System will provide utilities to each of the nine tanks included within the 
scope ofproject W-521. The tanks included are as follows: 241-AW-101,241-AW-103,241-AW-104, 
241-AY-101,241-AY-102,241-SY-101,241-SY-102,241-SY-103. Valve pits for the AP tank farm 
and the Waste Treatment Facility (WTF) are also included. 

The ElectricaVWater Utilities System is comprised of the following major subsystems: 

Electrical Power, 
Raw Water, and 
Potable Water. 

1.2 Limitations 

Ikis SDD does not include the delivery of electrical power and raw/potable water to each DST farm as 
these utilities are under the exclusive control of DynCorp Tri-Cities Services, Inc. 

This SDD revision was prepared in conjunction with the Advanced Conceptual Design (ACD) Phase of 
the WFDS Project W-521. Many of the sections contain information that is preliminary or of a highly 
:onceptual nature. This SDD will be a living document throughout the design phases of W-521, and 
will become more detailed as the design progresses through Definitive Design- Requirements were 
laken from the Double Shell Tank Utilities Subsystem Specification, HNF-4159, Rev. 0. 

1.3 Ownership 

rhis SDD is owned by the Project Engineers responsible for the ElectricaUWater Utilities System. 
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1.4 Definitions 

4ctive - An active component is one that is part of the “as-built” tank farms and has not been isolated 
ind disconnected from all other tank farm components as part of an approved Engineering Change 
Votice (ECN). 

4dministrative Lock - A locking device that prevents inadvertent equipment start. Administrative 
ocks ensure that the equipment or systems(s) being isolated andor controlled cannot be operated (e.g., 
.emoving the motive force of a transfer pump [e.g., electrical power, steam, water, or air] and installing 
in administrative lock so that the transfer pump cannot be activated) until the administrative lock is 
.emoved. 

General Service (GS) SSC - Structures, systems, or components (SSCs) not classified as either Safety 
:lass or Safety Significant. 

Manifold - Remotely installed rigid piping system inside a pit that transfers waste and flush water 
Jetween nozzles. 

Physically Connected - Refers only to piping, tanks, and structures and their associated 
nstrumentation. 

Physically connected piping is any piping that is part of or connected to the transfer route. 
Piping need not be considered connected to the transfer route if it is physically disconnected as 
described below. 

An air gap (e.g., removal of piping, transfer jumper) is considered to physically disconnect 
piping on either side of the air gap; or 
A blind flange/process blank in the transfer route is considered to physically disconnect 
piping on either side of the blind flange or process blank, or 
An operable service water pressure detection system is considered to physically disconnect 
piping downstream of the first or second closed isolation valve of the detection system that is 
downstream of the source of pressurized WASTE, depending on how the system pressure 
boundary integrity is tested (see HNF-SD-WM-SAR-067, Chapter 4.0); or 
An OPERABLE backflow prevention system in the 204-AR Waste Unloading Facility is 
considered to physically disconnect piping downstream of the second isolation valve that is 
downstream of the source of pressurized WASTE; or 
Two Safety - Significant isolation valves, INDEPENDENTLY VERIFIED to be in the 
closed position, are considered to physically disconnect piping on the downstream side of the 
second closed isolation valve that is downstream of the source of pressurized waste. 

(Note: Closed valves that are not designated as Safety-Significant do not physically 
disconnect piping from the transfer route). 
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The East/West cross-site transfer line and replacement cross-site transfer lines are considered 
PHYSICALLY CONNECTED piping only when cross-site WASTE transfers are in progress. 
The EastNest cross-site transfer line is the piping between 241-UX-154 diversion box and 241- 
ER-151 diversion box. The replacement cross-site transfer line is the piping between 241-SY-A 
and 241-SY-B valve pits and the 244-A lift station. 

PHYSICALLY CONNECTED structures are those structures through which PHYSICALLY 
CONNECTED piping runs, or structures that could be subject to leakage from PHYSICALLY 
CONNECTED piping. 

PHYSICALLY CONNECTED tanks are those tanks connected to the transfer route, those tanks 
connected to the PHYSICALLY CONNECTED piping, and those tanks designed to receive 
leakage from PHYSICALLY CONNECTED piping through a drain path. 

W P  Design Authority - A person qualified in the practice of engineering with four years demonstrated 
ob related experience including two years in their specific functional areas. For nuclear structures, 
ystems, or components, they shall have at least one-year nuclear experience. The RPP Design 
iuthorities for the facility and for the Project must have completed the RPP Design Authority 
)ualification Card and have an appointment letter approved by the RPP Chief Engineer. 

iafety Class (SC) SSC -An SSC that prevents or mitigates releases to the public that would otherwise 
xceed the offsite radiological risk guidelines, or to prevent a nuclear criticality. Those SSCs that 
upport the safety function of a SC SSC may also be SC. 

iafety Significant (SS) SSC -An SSC that prevents or mitigates releases of radiological materials to 
nsite workers and toxic chemicals to the offsite public and onsite workers. Safety significant also 
escribes worker safety SSCs that protect the facility worker from serious injury (or fatality) from 
azards not controlled by institutional safety programs. Those SSCs that support the safety function of 
n SS SSC are also SS. 

hall - Denotes a requirement. 

hould - Denotes a recommendation. If a “should” requirement cannot be satisfied, justification of an 
ltemative design shall be submitted to the Design Authority for approval. 

‘0 Be Determined (TBD) - A  study and/or calculation needs to be performed in order to provide a 
ufficient technical basis for the requirement. 

‘0 Be Refined (TBR) - To be refined. A “soft” basis for the requirement has been identified. 
[owever, a further study and/or calculation needs to be performed in order to solidify the requirement’s 
:chnical basis. 
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2.0 GENERAL OVERVIEW 

2.1 System Functions 

The overall mission of the ElectricaVWater Utilities System is to provide electrical power and 
raw/potable water to support systems that are used for the following: 

to maintain safe storage within the DSTs, 
to process, stage and transfer LAW and HLW feed to the WTF, and 
to receive and manage routine waste receipts. 

The following sections list the functions of the electrical and raw/potable water systems. Section 4 of 
this document identifies the specific scope associated with W-521. 

2.1.1 Electrical Power System 

The electrical power system must meet the requirements of the following functions: 

Distribute electrical power, 

Provide lighting. 

2.1.2 Raw/Potable Water 

Provide 480Y/277 V Distribution Equipment, 
Provide 240/120 and 208Y/120 V Distribution Equipment, and 

The raw/potable water systems must meet the requirements of the following functions: 

Provide Strained Raw Water, 
Provide 75 micron Filtered Raw Water, 
Provide 5 micron Filtered Raw Water, and 
Provide potable water for safety showers and eyewash stations. 

2.2 System Classification 

The ElectricaVWater Utilities Systems are classified as General Service, (GS) with the exception that the 
backflow preventer on the Raw Water system is classified as Safety Significant (SS). 

2.3 Basic Operational Overview 

The following sections provide a brief overview of the sub-elements of the Electricallwater Utilities. 
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2.3.1 Electrical Power Distribution System 

The electrical power distribution system provides the normal electrical power to the AP-, AW-, AY-, 
and SY-Tank Farms. This system supplies the 480Y/277 V and 208Y/120 V and 2401120 V power for 
all of the pumps and process equipment within the tank farm and other equipment (e.g., pole-mounted 
lights). Project W-521 will install a new 1000 kVa 13.8 kV - 480Y1277 V pad-mount transformer for 
the AY-Tank Farm. The existing SY Tank Farm 480Y/277 V transformers are not adequately sized for 
the existing loads and the projected new mixer pumps and other equipment to support the WFD mission. 
Two new 13.8 kV - 480Y/277, 1500 kVA transformers will be installed by W-521. Project W-521 will 
install a new 13.8 kV - 480Y/277 V 2000 kVA pad mounted transformer to replace the existing 500kVA 
transformer for the AW-Tank Farm. New switchboards and variable frequency drive (VFDs) will be 
installed for the new mixer and transfer pumps in the AW-, AY-, and SY-Tank Farms. 

2.3.2 Rawmotable Water 

The Central Plateau Water System (operated by DynCorp) delivers raw and potable water to the DST 
Farms. The raw water distribution infrastructure receives raw water from two reservoirs located near the 
lOOB and lOOD reactor facilities. The water is distributed from these reservoirs through an underground 
main piping system and then supplied to each tank farm via a branch feeder. The raw water is also 
supplied to a filtration plant in the 200 West area and converted to potable water. This potable water is 
then distributed to tank farms within the 200 West and 200 East areas. 

The raw water distribution system within the tank farms consists of piping, filters, service pits, and 
related components that distribute raw, and strained water to tank farm equipment. Potable water is used 
in safety showers and eyewash stations. 

3.0 REQUIREMENTS AND BASES 

3.1 General Requirements 

This section identifies the general requirements for the ElectricaVWater Utilities System and the bases 
for these requirements. 

3.1.1 System Functional Requirements 

a. Requirement: The ElectricaVWater Utilities System shall transform, control, protect, and 
distribute electrical power to support the operations and maintenance electrical loads. 

m: This requirement is per HNF-4157, Double-Shell Tank Utilities Specification, Rev. 0, 
Section 3.2.1.1. 

b. Reauirement: The ElectricalANater Utilities System shall light exterior and interior portions of 
the DST system to facilitate operations and maintenance. 
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B A :  This requirement is per HNF-4157, Double-Shell Tank Utilities Specification, Rev. 0, 
Section 3.2.1.1.2. 

c. Requirement: The ElectricaWater Utilities System shall control and distribute raw water to 
support operations, including water needed for industrial safety and fire protection. 

m: This requirement is per HNF-4157, Double-Shell Tank Utilities Specifcation, Rev. 0, 
Section 3.2.1.2. 

d. Requirement: The ElectricaWater Utilities System shall control and distribute potable water 
to the diluent'flush system. 

&&: This requirement is per HNF-4157, Double-Shell Tank Utilities Specification. Rev. 0, 
Section 3.2.1.3. 

3.1.2 Subsystem and Major Components 

3.1.2.1 Distribute Electrical Power 

a. Requirement: The electrical distribution system should have a leading or lagging power factor 
of not less than 85 percent. 

&&: This requirement is per HNF-4157, Double-Shell Tank Utilities Specijkation, Rev. 0, 
Section 3.2. I .  1.a. 

3.1.2.2 Distribute 480Y/277 V Electrical Power 

1. Requirement: The 480Y1277 V electrical distribution system shall support the electrical load 
characteristics for each DST Farm based on RPP-5228. 

m: These requirements are per HNF-4157, Double-Shell Tank Utilities Specification, Rev. 0, 
Section 3.2.1.I.l.a. 

J. Requirement: The electrical distribution system shall provide voltage regulation in compliance 
with latest version of ANSI C84.1. 

&&: This requirement is per HNF-4157, Double-Shell Tank Utilities.Speci~cation, Rev. 0, 
Section 3.2.1.1.1. b. 

5.1.2.3 Distribute 240/120 V or 208Y/120 V Electrical Power 

1. Requirement: The electrical distribution system shall provide 240/120 V or 208Y/120 V 
services to utilize equipment within the W-521 scope. 
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m: This requirement is per  HNF-4157, Double-Shell Tank Utilities Specification. Rev. 0, 
3.2.1.1.3.a. 

3.1.2.4 Provide DST Lighting 

a. Requirement: Exterior and interior lighting shall comply with The IESNA Lighting Handbook. 

Basis: This requirement is per  HNF-4157, Double-Shell Tank Utilities Specification, Rev. 0, 
Section 3.2.1.1.2.a. 

3.1.2.5 Distribute Raw Water 

a. 

b. 

C. 

1. 

Requirement: Actual tank farm raw water loads shall be as determined by detailed design and 
controlled by xx-xxx <TBD>, Tank Farm Contractor Water Load Study. 

Basis: This requirement is per HNF-4157, Double-Shell Tank Utilities Specification. Rev. 0, 
Section 3.2.1.2.a. 

Requirement: The raw water system shall provide connections to allow up to 200 gal/min (12.6 
W s )  of strained water at 80 lbffin2 gauge (552 kpa) to the DST Maintenance and Recovery 
System. 

Basis: This requirement is per  HNF-4157, Double-Shell Tank Utilities Specification, Rev. 0, 
Section 3.2.1.2.b. 

Reauirement: For raw water lines entering a tank farm or radiation zone, cross connection 
control devices (backflow prevention assemblies) shall be installed to prevent contamination of 
the potable water supply. Cross connection control shall be in accordance with Washington 
State cross connection control regulations (RCW 19.27 and WAC-246-290-490). Backflow 
prevention assemblies. The devices shall be installed and the installation shall be tested in 
accordance with the Manual of Cross-Connection Control published by the Foundation for 
Cross-Connection Control and Hydraulic Research, University of Southern California, and the 
Cross-Connection Control Manual, Accepted Practice and Procedure published by the pacific 
Northwest Section of the American Water Works Association. 

Basis: This requirement is per HNF-4157, Double-Shell Tank Utilities Specification. Rev. 0, 
Section 3.3.1.3. b. 

Reauirement: For branch lines in the Central Plateau Raw and Potable Water Distribution 
systems, the raw and potable water subsystem shall provide flow meters capable of sending 
compatible signals to the Retrieval and Control System for totalizing flows for leak-detection 
analysis. Flow meters shall include local indication. 
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Basis: This requirement is per HNF-4157, Double-Shell Tank Utilities Specification, Rev. 0, 
Section 3.3.1.3.e. 

e. Requirement: When piping branches of the Raw Water Subsystem can be connected such that 
there is potential contamination to the subsystem piping, the branch line(s) shall be equipped 
with backflow prevention devices to prevent contamination via siphoning or backflow of waste. 

Basis: This requirement is per HNF-4157, Double-Shell Tank Utilities Specification, Rev. 0, 
Section 3.3.1.3.J 

3.1.2.6 Distribute Strained Raw Water within the DST System 

a. Requirement: The strained raw water system shall provide strained raw water to the mixer 
pump raw water filters for distribution of filtered raw water to the mixer pumps seals, sparger 
ring, and column fill. As a minimum, the water shall be strained to eliminate particulates greater 
than <TBD>. 

&&: This requirement is per HNF-4157, Double-Shell Tank Utilities Specification, Rev. 0, 
Section 3.2.1.2.c. 

b. Requirement: Where strained raw water can be connected to sources of contamination, a 
backflow prevention device shall be installed between the potential contamination source and the 
strained water piping. A pressure switch with interlock, or isolation with two closed valves and a 
pressure switch, may be used. 

Basis: This requirement is per HNF-4157, Double-Shell Tank Utilities Specification, Rev. 0, 
Section 3.2.1.2.d. 

3.1.2.7 Distribute 75-micron Filtered Raw Water within the DST System 

a. Requirement: Strained raw water shall be filtered to a maximum of 75-microns and provided to 
the mixer pump sparger ring. 

m: This requirement is to support requirements in W-521-SDD-03, Mixer Pump System 
Design Description. 

Requirement: Filtered raw water to the mixer pump sparger ring shall be delivered to the mixer 
pump via a temporary hose (Le., not a permanent filtered raw water co&ction to the mixer 

b. 

pump). 

m: This requirement is to support requirements in W-521-SDD-03, Mixer Pump System 
Design Description. 
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3.1.2.8 Distribute 5-micron Filtered Raw Water (Service Water) within the DST System 

a. Requirement: Strained raw water shall be filtered to a maximum of 5-microns (Service Water) 
and provided to the mixer pump upper mechanical seals and column fill. 

m: This requirement is to support requirements in W-521-SDD-03, Mixer Pump System 
Design Description. 

Requirement: Service water to the mixer pump column fill shall be delivered to the mixer 
pump via a temporary hose (i.e., not a permanent service water connection to the mixer pump). 

m: This requirement is to support requirements in W-521-SDD-03, Mixer Pump System 
Design Description. 

Requirement: Service water to the mixer pump mechanical seals shall be delivered via 
permanent service water connections to the mixer pump. 

B M :  This requirement is to support requirements in W-521-SDD-03, Mixer Pump System 
Design Description. 

b. 

2. 

3.1.2.9 Distribute Potable Water within the DST System 

3. Requirement: Actual tank farm potable water loads shall be as determined by detail design and 
controlled by xx-xxx <TBD>, Tank Farm Contractor Water Load Study. 

B A :  This requirement is per HNF-4157, Double-Shell Tank Utilities Specification, Rev. 0, 
Section 3.2.1.3.a. 

Requirement: Potable water shall be provided to safety showers and eye wash stations near the 
Chemical AdditioniDiluent System. 

m: This requirement is to support requirements in W-521-SDD-01, Diluent and Flush 
System Design Description. 

3. 

Vote: Potable water is required within the Scope of W-521 only to the eye wash station on the AW and 
SY Tank Farm Diluent Systems. 

3.1.3 Boundaries and Interfaces 

3.1.3.1 Electrical Power System Interfaces 

Subsystems that interface with the Electrical Power System are shown in Figure 3-1. The interface 
Joints between the DST Farm electrical distribution system and the other DST systems is generally at 
h e  secondary side of the feeder breaker providing electrical power to the equipment. For safety 
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Aassified circuits, which are not designed as fail safe, the feeder breaker shall be included as part of the 
:afety classified system. Equipment controls are considered part of the equipment and are not part of the 
3lectrical Power System. 

Electrical ''q EIeSVIuI P- 

i Infrastructure 

-- ...._..... --- --. .. .. 

E M n u l  P-r 
EI.MuI P o n r  

Electrical 
Power 
System 
(W-521) 

El.MulPonr E M n u l  P o n r  AdditionIDiluent 

Figure 3-1. Electrical Power System Interfaces 

.1.3.1.1 Electrical Interfaces with the Raw Water System/Chemical AdditionBiluent System 

Requirement: Electrical power is needed to operate valves and pumps, provide local control 
and monitoring capabilities and provide protection of the electrical water utility and the chemical 
additioddiluent system components. 

m: This requirement is to support requirements in W-521-SDD-01, Diluent and Flush 
System Design Description. 

. 
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1.1.3.1.2 Electrical Interfaces with the Central Plateau Electrical System 

i. Requirement: The Electrical Power System shall obtain electricity from the Central Plateau 
Electrical System and distribute it throughout the DST system. 

m: These requirements are per HNF-4157, Double-Shell Tank Utilities Specification, Rev. 0, 
Section 3.1.2.1. I .a. 

1.1.3.1.3 Electrical Interfaces with the Mixer Pump/Transfer Pump Systems 

1. Requirement: The electrical distribution system shall provide electric power to the Mixer Pump 
and Transfer Pump Systems. Electrical power is needed to operate mixer pump and transfer 
pump motors, provide local control and monitoring capabilities and provide protection for the 
electrical mixer pump and transfer pump system components. 

B-: This requirement is to support requirements in W-521-SDD-03, Mixer Pump System 
Design Description, and W-521-SDD-07, Transfer Pump System Design Description. 

1.1.3.1.4 Electrical Interfaces with the Retrieval and Control System 

i. Requirement: The electrical distribution system shall provide electric power to the retrieval and 
control system. Electrical power is needed to monitor and control DST Farm components and 
the overall WFD process. The DST Monitoring and Retrieval Control System monitors and 
controls safety-class equipment (is., ventilation system), therefore the respective monitoring and 
controls may require an U P S  power supply or a fail safe designed system. 

m: This requirement is to support requirements in W-521-SDD-04, Retrieval Control System 
Design Description. 

1.1.3.2 Raw Water System Interfaces 

nterfaces with the Raw Water System are illustrated in Figure 3-2. 

1.1.3.2.1 Raw Water Interfaces with the Central Plateau Raw Water System 

I. Requirement: The raw water system shall be designed to operate within the values in Table 3-2 
of HNF-4157. 

m: This requirement is per HNF-4157, Double-Shell Tank Utilities Specification, Rev. 0, 
Section 3.1.2.1.2.a. 
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5.1.3.2.2 Raw Water Interfaces with the Instrumentation and Control System 

1. Reauirement: The DST Monitoring and Retrieval Control System shall provide the ability to 
display needed process data, to control process operations, and to provide historical operational 
data. 

B A :  This requirement is to support requirements in W-521-SDD-04, Retrieval Control System 
Design Description. 

ICE Building 
Fire 

Suppression 

-. .. .. ___------____ 
_/- 

,/ 
5 miwm F8IIwed Raw Water 

Raw Water Supply 
;'' 200 Area Water *'>%, 

[ Infrastructure j + 75 miaon Fllmred Raw Water 

'%\. System ,,Ti 

,/,' Raw Water --- ._.___.__.. --- .. .. -. 
System 
(W-521) 

RW water istramai AdditionlDiluent RW water istrsmea~ 

I A 

Transfer Pump Ssw~CblDiluent Water In Req'dl L ~ ~ l w d R m a e M o n ~ t a m ( j B  Control Retrieval 
Control System 

Figure 3-2. Raw Water System Interfaces 

1.1.3.2.3 Raw Water Interfaces with the Piping, Jumper, and Valve System 

1. Requirement: The Piping, Jumper and Valve System shall be equipped with a pressure 
detection system on lines physically connected to an active waste transfer pump to prevent 
contamination of the service water system via backflow of waste into the service water line. 

B&: This requirement is to support requirements in W-521-SDD-05, Piping, Jumper, and 
Valve System Design Description. 
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1.1.3.3 Potable Water System Interfaces 

nterfaces with the Potable Water System are detailed in Figure 3-3. 

Potable 
Water 

System 
(W-521) 

-- ._._..___. --- 

_______.----- -___ 

-.__ .. System u 
Figure 3-3. Potable Water System Interfaces 

L1.3.3.1 Potable Raw Water Interfaces with the Central Plateau Potable Water System 

.. Requirement: The potable water system shall be designed to operate within the values in Table 
3-3 ofHNF-4157. 

B A :  This requirement is per  HNF-4157, Double-Shell Tank Utilities Specification. Rev. 0, 
Section 3.1.2. I.3.a. 

i.1.4 Codes, Standards, and Regulations 

ksign requirements applicable to the ElectricaWater Utilities System come from government and 
ion-government source documents and various codes and standards. Each document (of the exact 
evision identified) in this section is invoked by one or more requirements of this specification and 
epresents a part of this specification to the extent specified. 

'~1.4.1 Government Documents 

J.S. Department of Energy (DOE) orders and regulatory documents, including those promulgated by the 
'ederal Government and Washington State constitute a part of this specification to the extent specified 
erein. The regulatory documents that form a part of this specification are listed in Table 3-1. 
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Document Number 
DOE 5820.2A, 1988 

DOE 6430.1A, 1989 

DOEiRL-96-109, Rev. 2, 1999 

RCRA, 1976 
10 CFR 835 

ELECTRICAL/~ATER UTILITIES 
SYSTEM DESIGN DESCMPTION 

Title 
Radioactive Waste Management, US. Department of Energy, 
Washington, D.C. 
General Design Criferia, U.S. Department of Energy, Washington, 
D.C. 
Hanford Site Radiological Control Manual, US. Department of 
Energy-Richland Operations Office, Richland, Washington. 
Resource Conservation and Recovery Act of 1976, 42 USC 6901. 
Occupational Radiation Protection, Code of Federal Regulation, 
dated 11/98, Washington, D.C. 

Report No. W-521-SDD-02, Rev. 2 
September 2000 

National codes, standards, and the Hanford Site documents listed in Table 3-2 constitute a part of this 
jpecification to the extent specified herein. The RPP-PROS implement federal and state regulations and 
DOE Orders. In addition, it should be noted that some requirements are based on the existing 
4uthorization Basis documents (e.g., HNF-SD-WM-SAR-067, HNF-SD-WM-TSR-006, etc.). The 
4uthorization Basis requirements may be changed, if necessary, afler analysis and justification of the 
wulting risk being incurred have been outlined in a final safety analysis report (FSAR) amendment, and 
approval is obtained from the DOE Office of River Protection (ORP). In addition, the list of procedures 
IS not intended to be complete, but rather to identify key ones which, when implemented, will support 
juccessful completion of design activities. Specific other procedures/documents are referenced 
.boughout the sections of this document. 

3.1.5 Operability 

The ElectricaVWater Utility System does not serve any safety function and there are no unique 
)perability requirements placed on these systems. 

3.2 Special Requirements 

3.2.1 Radiation and Other Hazards 

rhere are no identified requirements relating to radiation and other hazards for the ElectricaVWater 
Jtilities System. 
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HNF-SD-WM-SAR-067, Rev. 1, 1999 

HNF-SD-WM-SEL-040, Rev. 1, 1998 

Table 3-2. Non-Government Documents 

Hanford, Richland, Washington. 
Tank Waste Remediation System Final Safety Analysis Report, Fluor 
Daniel Hanford, Richland, Washington. 
TWRS Faciliiv Safely Equipment List, Lockheed Martin Hanford 

Re\, IA. 1999 
"F-MP-599, Re\, 3, 1999 

I Lockheed \fanin Hanford Corporation. Richland, Washington. 
I Project Hanford Qualm. .hsiirance Program DeAcrrptron, Fluor Daniel 

HNF-SD-WM-SP-012, Rev. 1, 1999 

HNF-SD-WM-TRD-007, Rev. E 
Draft, 1998 
HNF-SD-WM-TSR-006, Rev. 1, 1999 

NACE Re 0169-96, 1996 
WHC-SD-GN-ER-501, Rev. 1, 1998 

WHC-SD-WM-HSP-002, Rev. 3B, 

. .  . .  
Corporation ;or Fluor Daniel Hanford, Richland, Washington. 
Operations and Utilization Plan, Numatec Hanford Corporation, 
Lockheed Martin Hanford Corporation and COGEMA Engineering 
Corporation for Fluor Daniel Hanford, Richland, Washington. 
System Specification for  the DSTSjstem, COGEMA Engineering for 
Fluor Daniel Hanford, Richland, Washington. 
Tank Waste Remediation System Technical Sofety Requirements, Fluor 
Daniel Hanford, Richland, Washington. 
Control of External Corrosion Engineers, Houston, Texas. 
Natural Phenomena Hazards, Hanford Site, Washington, Numatec 
Hanford Corporation for Fluor Daniel Hanfor4, Richland, Washington. 
Tank Farms Health and Safety Plan, Lockheed Martin Hanford 

1998 
HNF-5183, Rev 0, 1999 

I Corporation for Fluor Daniel Hanford. Richland, \I'a$hington 
I Tank Farms Radiological Control Manual. Fluor Daniel Hanford, 
1 Richland, Washington. 
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3.2.2 

a. 

3.2.3 

3.2.4 

a. 

b. 

3.2.5 

a. 

b. 

<. 

ALARA 

Requirement: The ElectricaliWater Utilities System shall be designed to keep personnel 
exposures As Low As Reasonable Achievable (ALARA) in accordance with RPP-PRO-1621 and 
RPP-PRO-1622. 

B&: This requirement is per HNF-4157, Double-Shell Tank Utilities Specification, Rev. 0, 
Section 3.3.6.1.a. 

Nuclear Criticality Safety - N/A 

Industrial Hazards 

Requirement: The ElectricaWater Utilities System shall incorporate design features that 
comply with the requirements of WHC-SD-WM-HSP-002. 

B&: This requirement is per HNF-4157, Double-Shell Tank Utilities Specification, Rev. 0, 
Section 3.3.6.1.b. 

Requirement: The Electrical Power Subsystem distribution system shall be designed such that 
power can be locked out in compliance with “Lock and Tag Program,” HNF-IP-0842, Volume 
11, Section 4.9.1, Rev. 5e. 

B&: This requirement is per HNF-4157, Double-Shell Tank Utilities Specification. Rev. 0, 
Section 3.3.6.1.c. 

Operating Environment and Natural Phenomena 

Reauirement: The ElectricaUWater Utilities System shall be designed for the natural 
environmental conditions specified in Natural Phenomena Hazards, Hanford Site Washington, 
HNF-SD-GN-ER-501. 

m: This requirement is per HNF-4157, Double-Shell Tank Utilities Specification, Rev. 0, 
Section 3.2.5.1.a. 

Requirement: The system shall be designed to withstand the natural phenomena hazards as 
specified in Engineering Design and Evaluation, RPP-PRO-097. 

&: This requirement is per HNF-4157, Double-Shell Tank Utilities Specifcation. Rev. 0, 
Section 3.2.5.1. b. 

Requirement: The Utilities Subsystems shall comply with flexibility and expansion 
requirements of General Design Criteria, DOE Order 6430.1A, 01 10-3. 
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m: This requirement is per HNF-4157, Double-Shell Tank Utilities Specification. Rev. 0, 
Section 3.2.7.a. 

i. Requirement: All equipment installed in areas in and around the tank that are subject to 
ignition controls shall be designed to meet the requirements of HNF-SD-WM-TSR-006, Section 
5.10, “Ignition Controls.” Areas requiring controls are delineated in HNF-SD-WM-SAR-067, 
Appendix K. The Flammable Gas Equipment Advisory Board shall be consulted whenever the 
application or interpretation of the requirements is unclear. 

B&: This requirement is per HNF-4157, Double-Shell Tank Utilities Specification, Rev. 0, 
Section 3.3.6.3.b. 

3.2.6 Human Interface Requirements 

1. Reauirement: System design shall comply with DOE Order 6430.1A, Section 1300.12, 
“Human Factors Engineering.” 

m: This requirement is per HNF-4157, Double-Shell Tank Utilities Specification, Rev. 0, 
Section 3.3.7.a. 

Requirement: Control devices shall be designed in accordance with NUREG 0700, Section 6.4 
and MIL-STD-l472D, Section 5.4. 

). 

m: This requirement is per HNF-4157, Double-Shell Tank Utilities Specification, Rev. 0, 
Section 3.3.7, b. 

L2.7 Specific Commitments 

\To specific commitments have been identified, 

1.3 

1.3.1 

1. 

). 

Engineering Disciplinary Requirements 

Civil and Structural 

Requirement: All of the DST Utility Subsystems shall have a design life of 35 years. 

B A :  This requirement is per HNF-4157, Double-Shell Tank Utilities Specification, Rev. 0, 
Section 3.2.3.b. 

Requirement: All general service ElectricaWater Utilities System structures shall meet the 
applicable design, test, and construction requirements contained in ACI 3 18. 

B&: This requirement is per HNF-4157, Double-Shell Tank Utilities Specification. Rev. 0, 
Section 3.3.1.l.a. 
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“ *. 

3.3.2 

3. 

I. 

,. 

1. 

1.3.3 

Requirement: The equipment used for installation and maintenance shall not exceed the DST 
dome loading constraints given in HNF-IF’-1266. 

B&: This requirement is per HNF-4157, Double-Shell Tank Utilities Specification, Rev. 0, 
Section 3.3.6.2.c. 

Mechanical and Materials 

Requirement: All valves shall meet the appIicable design and fabrication requirements 
contained in ASME B16.34. 

B&: This requirement is per HNF-4157, Double-Shell Tank Utilities Specification, Rev. 0, 
Section 3.3.1.3.a. 

Requirement: All water piping shall be designed in accordance with the Uniform Plumbing 
Code (LJPC). 

B&: This requirement is per HNF-4157, Double-Shell Tank Utilities Specification, Rev. 0, 
Section 3.3.1.3.c .and 3.3.1.3.h, as modified by engineering judgment 

Resuirement: Extension of existing Central Plateau Water System distribution headers required 
to obtain additional raw/potable water capacity to a given tank farm shall be designed and 
installed in accordance with the Water System Design Manual, DOH 331-123; “State Building 
Code,” RCW 19.27; “Water System Operations,” WAC-246-290; and Criteriafor Sewage Works 
Design. 

B A :  This requirement is per HNF-4157, Double-Shell Tank Utilities Specification, Rev. 0, 
Section 3.3.1.3.d. 

Resuirement: The ElectricaUWater Utilities System shall incorporate corrosion prevention and 
control features in accordance with WAC 173-303-640(3); DOE Order 6430.1A, Section 0262; 
and DOE Order 5820.2A2, Chapter 1 ,  Sec. 3.b (2)(g). 

m: This requirement is per HNF-4157, Double-Shell Tank Utilities Specification, Rev. 0, 
Section 3.3.6.2.a. 

Requirement: Underground piping shall be protected from external chemical and electrolytic 
attacks due to soil conditions. 

B&: This requirement is per HNF-4157, Double-Shell Tank Utilities Specification, Rev. 0, 
Section 3.3.6.2.d. 

Chemical and Process 

:here are no chemical or process requirements specific to the ElectncaliWater Utilities System. 
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3.3.4 

a. 

b. 

C. 

d. 

e. 

f. 

g. 

Electrical Power 

Requirement: Indoor electrical equipment enclosures shall be as a minimum NEMA Type 12. 

&a&: This requirement is per HNF-4157, Double-Shell Tank Utilities Specification, Rev. 0, 
Section 3.3.1.2.a. Note: the Design Authority is processing paperwork to resolve issue. 
Electrical enclosures andjunction boxes of the proper NEMA rating shall be utilized. 

Requirement: Adverse effects of voltage level variations, transients, and frequency variations 
(ix., power quality) on equipment operation shall be minimized and sensitive electrical 
equipment, such as monitoring and control and data processing equipment, shall be isolated as 
needed for power quality protection. 

B M :  This requirement is per HNF-4157, Double-Shell Tank Utilities Specification, Rev. 0, 
Section 3.3.1.2. b. 

Requirement: The electrical distribution system shall comply with NFPA 70. 

m: This requirement is per HNF-4157, Double-Shell Tank Utilities Specification, Rev. 0, 
Section 3.3. I.2.c. 

Requirement: System protection shall comply with the latest versions of IEEE 242. 

m: This requirement is per HNF-4157, Double-Shell Tank Utilities Specification, Rev. 0, 
Section 3.3.1.2.d. 

Requirement: Switchboards, MCCs, and power panels shall comply with the latest version of 
IEEE C37 Series. 

B M :  This requirement is per HNF-4157, Double-Shell Tank Utilities Specification. Rev. 0, 
Section 3.3.1.2.e. 

Requirement: Exterior lighting systems shall use time clocks and/or photocells to provide 
illumination only when needed. 

m: This requirement is per HNF-4157, Double-Shell Tank Utilities Specification. Rev. 0, 
Section 3.3.1.2.j 

Requirement: Interior lighting shall make use of florescent and/or high-intensity discharge 
lighting. 

B M :  This requirement is per HNF-4157, Double-Shell Tank Utilities Specification, Rev. 0, 
Section 3.3.1.2.g. 
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h. 

1. 

i. 

k. 

I. 

n. 

1. 

Reauirement: Lightning Protection Systems, if required, shall be designed in accordance with 
the guidelines provided in NFPA 780. 

B&: This requirement is per HNF-4157, Double-Shell Tank Utilities Specification, Rev. 0, 
Section 3.3.6.2.e. 

Requirement: Outdoor electrical equipment enclosures shall be NEMA Type 4 or 4X. 

w: This requirement is per HNF-4157, Double-Shell Tank Utilities Specification, Rev. 0, 
Section 3.3.1.2. h. Note: the Design Authority is processing paperwork to resolve issue. 
Electrical enclosures and junction boxes of the proper NEMA rating shall be utilized. 

Requirement: Electrical calculations shall be provided or existing calculations shall be revised 
when any additional to the electrical system load is required. 

u: This requirement is per HNF-415 7, Double-Shell Tank Utilities Specification, Rev. 0, 
Section 3.3.1.2.i. 

Requirement: Any modifications to the site electrical utilities distribution system, including the 
13.8 kV- 480 V transformers, shall conform to the ANSI C2. 

B&: This requirement is per HNF-4157, Double-Shell Tank Utilities Specification, Rev. 0, 
Section 3.3.1.2.j. 

Reauirement: New or upgraded Electrical Utility transformers shall be sized and installed in 
accordance with IEEE CS7. 

w: This requirement is per HNF-4157, Double-SheN Tank Utililies Speci$cation, Rev. 0, 
Section 3.3.1.2.k. 

Requirement: Electrical equipment, identified as Electrical Utilities-owned, shall be designed 
in accordance with Electrical Utilities Design Authority project design criteria. 

B&: This requirement is per HNF-4157, Double-Shell Tank Utilities Specification, Rev. 0, 
Section 3.3.1.2.1. 

Requirement: Electrical design and installation shall comply with the electrical safety 
installations requirements outlined in WP-PRO-089, Rev. 0. 

B A :  This requirement is per HNF-4157, Double-Shell Tank Utilities Specification, Rev. 0, 
Section 3.3.1.2.m. 
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1.3.5 

I. 

). 

1.3.6 

Instrumentation and Control 

Requirement: The system shall comply with electromagnetic radiation emission requirements 
set forth in HNF-2962. 

B-: This requirement is per HNF-4157, Double-Shell Tank Utilities Specification, Rev. 0, 
Section 3.3.2. 

Requirement: Control equipment shall comply with NEMA ICs standards and UL Standardfor 
Safety for Industrial Control Equipment, UL 508. 

m: This requirement is per HNF-4157, Double-Shell Tank Utilities Specification. Rev. 0, 
Section 4.1.2. b. Note: the Design Authority is processing paperwork to resolve issue. Electrical 
enclosures andjunction boxes of the proper NEMA rating shall be utilized. 

Computer Hardware and Software 

go computer hardware and software requirements are identified for the ElectricaWater Utilities 
jystem. 

1.3.7 Fire Protection 

L. Requirement: Required fire protection piping shall be in accordance with NFPA 24. 

B A :  This requirement is per HNF-4157, Double-Shell Tank Utilities Specification, Rev. 0, 
Section 3.3.6.1.d. 

1.4 Testing And Maintenance Requirements 

1.4.1 Testability 

restability requirements are identified in section 3.4.3 and 4.3.4.1. 

1.4.2 TSR Required Surveillance 

i. Requirement: Water pressure detection systems that are physically connected to an active 
waste transfer pump not under administrative lock shall comply with HNF-SD-Wh4-TSR-006, 
LCO 3.1.2. 

m: This requirement is per HNF-4157, Double-Shell Tank Utilities Specification, Rev. 0, 
Section 3.3.6.3.c. 
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3.4.3 

a. 

3.4.4 

a. 

b. 

C. 

d. 

e. 

Non-TSR Inspections and Testing 

Requirement: Electrical materials and equipment shall be qualification tested unless they are 
Underwriters Laboratories (a) listed or FM approved, with label attached, and for the purpose 
intended, whenever such products are available. Where no UL or FM listed products of the type 
are available, testing, and certification by another nationally recognized testing laboratory might 
be acceptable as long as the design agent documents acceptance of the testing organization. 

m: This requirement is per HNF-4157, Double-Shell Tank Utilities Specification, Rev. 0, 
Section 4.1.2.a. 

Maintenance 

Requirement: The Electrical Subsystem distribution should be designed such that required 
preventive maintenance or calibration can be performed outside of the tank farms. 

m: This requirement is per HNF-4157, Double-Shell Tank Utilities Specification. Rev. 0, 
Section 3.2.4.a. 

Requirement: The Raw Water Subsystem distribution shall be designed such that required 
testing of raw water backflow preventers can be performed outside of the tank farms. 

B A :  This requirement is per HNF-4157, Double-Shell Tank Utilities Specification, Rev. 0, 
Section 3.2.4.b. 

Requirements: The Raw Water Subsystem shall provide shut-off valves to isolate equipment 
valves, or appurtenances for ease of maintenance. 

m: This requirement is per HNF-4157, Double-Shell Tank Utilities Specification, Rev. 0, 
Section 3.2.4.c. 

Requirement: Below-grade components either shall not require preventive maintenance over 
their design life or shall be designed for preventive or corrective maintenance to be performed 
without excavation. 

B A :  This requirement is per HNF-4157, Double-Shell Tank Utilities Specification, Rev. 0, 
Section 3.5.1.a. 

Requirement: Backflow-preventers shall be easily accessible for annual testing and acceptance 
by a state-certified inspector. 

&&: This requirement is per HNF-4157, Double-Shell Tank Utilities Spec$cation. Rev. 0, 
Section 3.5.l.c. 
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1.5 Other Requirements 

LS.1 

rhere are no security or SNM protection requirements identified for the Electricarnater Utilities 
system. 

1.5.2 Special Installation Requirements 

Security and Special Nuclear Material Protection 

Reauirement: Underground utility lines such as sanitary sewer, water, and air shall not be 
placed under existing or proposed pavements, except when crossing such pavements or when 
adequate space is not available. Utility lines shall be placed between backslope of road ditch and 
building, or back of curb. 

B d :  This requirement is per HNF-4157, Double-Shell Tank Utilities Specification, Rev. 0, 
Section 3.2.2.a. 

Reauirement: Water mains shall not be installed in the same trench with sewer lines. Where 
water mains and sewer lines are installed parallel to roadways, they shall, if practicable, be 
located on opposite sides of roadways. 

B A :  These requirements are per HNF-4157, Double-Shell Tank Utilities Specification, Rev. 0, 
Section 3.2.2.b. 

Reauirement: Where feasible, sewer lines shall not be routed within 10 A (3 m) of potable 
water lines. Where potable water lines must cross sewer lines, water lines shall pass 2 ft (0.6 m) 
above the sewer line. 

W s :  This requirement is per HNF-4157, Double-Shell Tank Utilities SpeciJication, Rev. 0, 
Section 3.2.2.c. 

'.5.3 Reliability, Availability, and Preferred Failure Modes 

Reauirement: The 480Y/277 VAC electrical distribution system reliability shall comply with 
Recommended Practice for the Design of Reliable Industrial and Commercial Power Systems, 
IEEE 493, to ensure a continuous power supply to systems and equipment designated as critical. 

m: This requirement is per HNF-4157, Double-Shell Tank Utilitiei Specification. Rev. 0, 
Section 3.2.3.a. 

. 

. Reauirement: The ElectricaVWater Utilities Systems shall have a design life of 35 years. 

m: This requirement is per HNF-4157, Double-Shell Tank Utilities Specification. Rev. 0, 
Section 3.2.3.b. 
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~ 

3.5.4 Quality Assurance 

a. Reauirement: Quality assurance for the ElectricaWater Utilities System shall be performed in 
accordance with IP-0842, Volume XI, Section 1.0. 

B A :  This requirement is per HNF-4157, Double-Shell Tank Utilities Specification, Rev. 0, 
Section 4.2. 

Reauirement: The system design shall be verified to RPP-PRO-1819, Section 2.9.1. 

B A :  This requirement is per HNF-4157, Double-Shell Tank Utilities Specification, Rev. 0, 
Section 4.0. 

b. 

3.5.5 Miscellaneous 

a. 

b. 

. *. 

1. 

Reauirement: The Utilities Subsystems shall label new equipment andor modifications to 
existing equipment in a standardized format in accordance with the tank farm labeling program 
as specified in RPP Administration, “Tank Farm Operations Equipment Labeling,” HNF-IP- 
0842, Volume 11, Section 6.1. 

&a&: This requirement is per HNF-4157, Double-Shell Tank Utilities Specification. Rev. 0, 
Section 3.3.3.a. 

Reauirement: To maintain control over the supply of electricity, the first downstream 480 V 
disconnect switch from the serving 13.8 kV- 480 V transformer shall be labeled with the Site 
electrical utilities standardized labeling program as specified in KEH-SD-LL-RD-004 and WHC- 
IP-0558, DI-52660-3.01. 

B A :  This requirement is per HNF-4157, Double-Shell Tank Utilities Specification, Rev. 0, 
Section 3.3.3. b. 

Reauirement: Records, documents, and drawing control pertinent to design functions shall be 
in accordance with RPP-PRO-222 and RPP-PRO-224. Engineering document development shall 
be in accordance with RPP-PRO-709. 

&&: This requirement is per HNF-4157, Double-Shell Tank Utilities Specification, Rev. 0, 
Section 3.4.a. 

Reauirement: ElectricaYWater Utilities System structures, systems, and components (SSCs) 
shall be incorporated into the master equipment list in accordance with HNF-IP-0842, Volume 
11, Section 6.1. 

m: This requirement is per HNF-4157, Double-Shell Tank Utilities Speclfication, Rev. 0, 
Section 3.4.b. 
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4.0 SYSTEM DESCRIPTION 

4.1 Configuration Information 

4.1.1 

The sections presented below provide a brief description of the major components of the 
ElectricaUWater Utilities System. 

4.1.1.1 Electrical Power Distribution System 

Description of System, Subsystems, and Major Components 

The normal electrical power distribution system is comprised of the 13.8 kV, 480Y/277 V, 208Y/120 V, 
and 240/120 V systems and equipment required for the distribution and transformation of electrical 
power. The normal electrical system supports all of the operational activities conducted by the tank 
farm facilities. This system is a radial type feed from a Central Plateau 13.8 kV substation via overhead 
lines, which distribute 13.8 kV power to each DST Farm. Each DST Farm has a 13.8 kV- 480Y/277 V 
service transformer, and a main 480Y/277 V switchboard to distribute power within each tank farm. 
The 480Y/277 V switchboard supplies power to pumps, 480 V equipment, 480 V-208Y/120 V and 
480 V-240/120 V Transformers to supply power to instrumentation, lighting and equipment requiring 
208Y/120 V or 240/120 V power. Figure 4-1 shows how this distribution is accomplished. 

The electrical power distribution system includes an extension of a 13.8 kV overhead primary 
distribution line to a power pole with fused cutouts and lightning arresters. The line is converted to an 
underground cable feed for the oil-filled, pad-mounted transformers to convert the 13.8 kV to 
480Y/277 V power. The transformer neutral is bonded to the ground system that is comprised of ground 
rods around the transformer to create the 480 V system neutral. The service entrance feeder cables to 
the DST Farm switchboard enter through an underground duct bank. 

The DST Farm switchboards are located in new Instrument Control Equipment (ICE) buildings or 
existing electrical buildings at each DST Farm. The 480Y/277 V switchboard is rated, three-phase; 
four-wire, and comprised of a free-standing, metal-enclosed assembly of power busses, neutral and 
ground buses, power and molded case circuit breakers, and metering equipment. 

The DST Farm switchboard distributes 480 V, three-phase power through circuit breakers to the DST 
Farm loads, MCCs, VFDs for mixer and transfer pump and transformers to reduce the voltage to 
208M120 V and 240/120 V for instrumentation and other equipment requiring 208Y/120 V or 
240/120 V. 

The DST Farm ground system includes bonded neutral and ground electrode connections at both the 
480Y/277 V pad mounted transformer and the 480Y/277 V DST Farm switchboard. Bonded neutral and 
grounding electrode connections are provided at each separately derived system neutral (i.e., each 
208Y/120 V Transformer). An insulated equipment ground conductor is run with each power feeder in 
conduit. Exothermic welded connections are used where bolted or compression type connections are not 
accessible. 
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Figure 4-1. Typical One-Line Diagram of the Electrical Power Distribution System. 

1.1.1.2 UPS Power 

3quipment that requires guaranteed continuous power, or cannot sustain functions through the 
nomentary power loss that occurs when an alternative power source comes on line and picks up the load 
;hall be provided with an unintenuptible power supply (UPS). Any UPS required will be included as 
)art of the RCS equipment cabinets. 
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4.1.1.3 Rawmotable Water 

The Central Plateau raw water distribution infrastructure delivers unfiltered raw water and potable water 
to each DST farm service points. The DST Farm raw water system distributes strained-raw and filtered- 
raw water within each DST Farm complex. The DST Farm potable water system distributes potable 
water within each DST Farm complex to equipment such as safety showers. Figure 4-2 shows how this 
distribution is accomplished. 

The DST Farm Raw Water Distribution system consists of piping, filters, service pits, and related 
components that distribute raw, strained and filtered water to DST Farm Complex utilization equipment. 
Strained raw water is supplied to provide makeup water to the DiluentiFlush System, to flush the 
Transfer Piping System, and to provide both filtered raw water distribution for various mixer pump 
components. The 75-micron filtered raw water distribution subsystem supplies raw water to the mixer 
pump sparge rings and to the 5-micron raw water distribution subsystem. The 5-micron filtered raw 
water supplies the mixer pump column fill and upper mechanical seal systems. Potable water is used in 
safety showers and eyewash stations located near the DiluentiFlush System components. 

4.1.2 Boundaries and Interfaces 

4.1.2.1 Electrical Power 

The Central Plateau Electrical Power distribution infrastructure delivers medium-voltage 13.8 kV 
services to the DST Farms. This electrical distribution infrastructure receives electrical power from the 
251-W substation, located north of the 200 Areas, and distributes it to Central Plateau facilities, 
including the DST farms. The 13.8 kV power is generally distributed over several overhead distribution 
lines within the 200 Area. The 13.8 kV distribution lines that deliver power to the DST farms are 
considered normal power. The interface points between the Central Plateau electrical distribution 
infrastructure and the DST Farm electrical distribution system are typically on the secondary side of the 
DST Farm service transformers. 

The DST Farm electrical power system consists primarily of 480Y/277 V switchboards located adjacent 
to the DST Farm complex. The 480Y/277 V switchboards distribute power to motor control centers 
(MCCs) and power panels for DST Farm Complex equipment. The electrical distribution system also 
distributes power to transformers that step down the 480 V power to the 240/120 V and 208Y/120 V 
power panels for DST equipment requiring these lower voltages. The electrical distribution system 
consists of MCCs, transformers, switches, and related equipment. The interface points between the DST 
Farm electrical distribution system and the other DST systems is generally at the secondary side of the 
feeder breaker providing electrical power to the equipment. Local equipment c'ontrols are considered 
part of the equipment and are not part of the electrical power system. 

New VFDs will be installed to power the new mixer pumps and transfer pumps installed in the AW-, 
AY, and SY Tank Farms. 
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Figure 4-2. Schematic of Raw/Potable Water Systems. 
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4.1.2.2 Raw/Potable Water 

The Central Plateau Water System delivers raw and potable water to the DST Farms. The raw water 
distribution infrastructure receives raw water from two reservoirs located near the lOOB and IOOD 
reactor facilities. The water is distributed from these reservoirs through an underground main piping 
system and then supplied to each tank farm via a branch feeder. The raw water is also supplied to a 
filtration plant in the 200 West area and converted to potable water. This potable water is then 
distributed to tank farms within the 200 West and 200 East areas. The raw/potable water systems 
typically interface with the DST raw/potable water systems at a point five feet outside the fence of the 
tank farm. Backflow prevention is the responsibility of the DST Farm. 

4.1.3 Physical Location and Layout 

4.1.3.1 Electrical Power Equipment Location and Layout. 

All equipment enclosures and raceway systems used for electrical components and wiring distribution 
are environmentally suitable for the locations in which they are placed and the functions they support. 
Each DST Farm or physical area is considered individually in determining its classification, depending 
on the properties and quantities of the potential radioactive contamination, vapors, liquids, gases, 
chemicals, combustible dusts, or fibers that may be present. Special precautions are designed into the 
system for all areas with corrosive or hazardous atmosphere. All equipment including sensing devices 
required to be in the vapor space regions (ex-tank intrusive and dome intrusive), shall be designed in 
accordance with HNF-SD-WM-TSR-006, Section 5.10, Ignition Source Control Sets #1 and #2. 

The following sections summarize the layout of important equipment for each of the subsystems of the 
electrical system. 

4.1.3.1.1 AP-Tank Farm 

The existing main switchboard is located in an ICE building, and is powered by an underground feed 
from an existing 1000 kVA transformer. Project W-211 will install new mixer or transfer pumps. The 
AP-Tank Farm will only require 208Y/120 V power for the Project W-521 equipment associated with 
the transfer piping. 

4.1.3.1.2 AY-Tank Farm 

Project W-521 will provide a new 1000 kVA transformer, switchboard, and VFDs in a new ICE building 
to power the two new mixer pumps and a new transfer pump in each tank for AY-IO1 and AY-102. The 
existing AY Tank Farm MCC (EDS-MCC-601) in the existing AY-801 Building will be powered from 
the new switchboard. 
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4.1.3.1.3 AW-Tank Farm 

The new main switchboard will be located in a new ICE building, and powered by an underground feed 
from a new 2000 kVA transformer. Two new mixer pumps in each tank for AW-101, AW-103 and 
AW-104 and new transfer pumps for AW-101, AW-103 and AW-104 will be fed from new VFDs and 
transfer switches. Power will be provided for a new caustic & diluent system pump and associated 
electrical water heaters. The existing AW-Tank Farm MCC (EDS-MCC-001) in the existing 271-AW 
building will be powered from the new switchboard. 

4.1.3.1.4 SY-Tank Farm 

The existing main switchboard is located in building 252-S which will feed the new ICE building. The 
existing transformers will be changed to (2) 1500 kVA transformers by Project W-521 to support the 
new loads in the SY-Tank Farms. A new switchboard will be located in the ICE building to feed the 
VFDs for the two mixer pumps for SY-101, SY-102, and SY-103 and transfer pumps for SY-101, SY- 
102, and SY-103, and 208Y/120 V equipment within the SY-Tank Farm. 

4.1.3.2 Raw/Potable Water Equipment Location and Layout 

Raw water and potable water will be supplied to the new Diluent and Flush System in the SY and 
AW-Tank Farms. In addition, filtered raw water will be distributed to the mixer pumps in the AY-, 
AW-, and SY-Tank Farms. 

4.1.4 Principles of Operation 

No special operational features are required. 

4.1.5 System Reliability Features 

System reliability is as specified in the procurement documentation. 

4.1.6 System Control Features 

System control features for the ElectricaliWater Utilities System are described in the SDD for the DST 
Monitoring and Retrieval Control System. 

4.1.6.1 System Monitoring 

System monitoring will be defined as the design progresses. 

4.1.6.2 Control Capability and Locations 

Control capability and locations will be defined as the design progresses. 
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4.1.6.3 Automatic and Manual Actions 

These controls will be defined as the design progresses. 

4.1.6.4 Setpoints and Ranges 

Setpoints and ranges will be defined as the design progresses. 

4.1.6.5 Interlocks, Bypasses and Permissives 

These controls will be defined as the design progresses. 

4.2 Operations 

4.2.1 Initial Configurations (Pre-startup) 

4.2.1.1 Electrical Power 

There are no pre-start configurations for the electrical power systems. 

4.2.1.2 Raw/Potable Water 

There are no pre-start configurations for the rawlpotable water systems. 

4.2.2 System Startup 

Startup testing and alignment requirements will be specified in future test specifications. 

4.2.3 Normal Operations 

4.2.3.1 Electrical Power 

During normal operation, the power distribution system interfaces with all systems that require power, 
and the grounding required for operation. Should a fault occur, circuit protection attempts to prevent 
any damage to the electrical system and minimize damage to faulty equipment. Lighting provides a safe 
working environment. Operational procedures will be devsbped identifying all operator actions. 

4.2.3.2 Raw/Potable Water 

Any special requirements will be specified as design progresses. 
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4.2.4 Off-Normal Operations 

4.2.4.1 Electrical Power 

In the event of power failure, integral battery backup powered lights provide adequate temporary 
lighting in buildings for a safe environment while exiting. Operational procedures will be developed 
identifying all operator actions for other systems. 

4.2.4.2 RawlPotable Water 

There are no off-normal operations identified for the RawPotable Water systems. 

4.2.5 System Shutdown 

4.2.5.1 Electrical Power 

There are no system shutdown operations identified for the Electrical Power System. 

4.2.5.2 Raw/Potable Water 

There are no system shutdown operations identified for the RawPotable Water systems. 

4.2.6 Safety Management Programs and Administrative Controls 

Administrative controls and procedures will be developed consistent with the ORP integrated safety 
management plan. 

4.3 Testing and Maintenance 

1.3.1 Temporary Configurations 

There are no temporary configurations identified for the ElectricaWater Utilities System. 

1.3.2 TSR Required Surveillances 

There are no TSR required surveillances. 

1.3.3 Non-TSR Inspections, and Testing 

1.3.3.1 Electrical Power 

Remote ground resistance tests will be conducted to measure the effective resistance of the ground 
Zlectrode system. Testing is required for all conductors for continuity to ground. 
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f ie  13.8 kV conductor connecting the existing utility located adjacent to the DST facilities site will be 
ested in accordance with construction specifications. 

4fter installation and prior to energizing, Site Utilities will perform test on the 13.8 kV transformers and 
IC overpotential (Hi-Pot) tests on the 13.8 kV cable to verify acceptability of installation. 

IST Farm installations will be tested for insulation resistance after all wiring is complete and ready for 
ittachment to fixtures and equipment (transformers, motors, switchboard, VFDs, motor control centers 
MCC). 

f any of the tests yield defective wiring or parts, the defective equipment is replaced and all applicable 
ests rerun. Other pre-startup activities/tests will be identified in the test specification. 

h l y  routine functions are normally recommended or required after initial testing and energizing. 
toutine functions include the following: 

Periodic visual inspection of exposed cable and bolted connections of the ground system. 

Periodic inspection of the cathodic protection system equipment and connections. 

Visual inspection of the lighting system. Failed lamps are replaced, as necessary, to maintain 
lighting at a safe level. 

n addition to the visual inspections, a standardized test program for the major components is to be 
nstituted as identified in the test specification. Lockout and tagout procedures are utilized to ensure that 
iersonnel work on de-energized circuits only. 

1.3.3.2 Raw/Potable Water 

qo specific non-TSR inspections and testing for the raw/potable water systems have been identified. 

1.3.3.3 Maintenance 

1.3.3.3.1 Post Maintenance Testing 

qo specific post maintenance testing activities for the ElectricaVWater Utilities System have been 
dentified. 

- 
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1.0 INTRODUCTION 

rhis System Design Description (SDD) identifies performance requirements, defines bases, and 
provides references to requisite codes and standards for the Waste Feed Delivery System (WFDS) 
Project W-521 double-shell tank (DST) Mixer Pump System. This revision incorporated requirements 
as specified in HNF-4164, Rev. 0, Double-Shell Tank Mixer Pump Subsystem Specification. 

1.1 System Identification 

The Mixer Pump Systems provides motive force to 1) mobilize settled waste, and 2) maintain a waste 
form suitable for transfer and treatment, and consists of the five major components shown below. 

Mixerpump, 
Pump Motor, 
Pump Turntable, 
Pump Support, and 

0 Vertical Indexing System. 

The scope of this SDD is limited to Mixer Pump Systems to be installed in waste tanks within the scope 
3f WFDS Project W-521. Tanks within the scope of WFDS Project W-521 that will require mixer 
pumps are AW-101, AW-103, AW-104, AY-101, AY-102, SY-101, SY-102, and SY-103. 

1.2 Limitations 

rhis SDD revision was prepared in conjunction with the Advanced Conceptual Design (ACD) Phase of 
the WFDS Project W-521. Many of the sections contain information that is preliminary, or highly 
:onceptual in nature. This SDD will be a living document throughout the design phases of W-521, and 
will become more detailed as the design progresses. Requirements were taken from the Double-Shell 
Tank Mker  Pump Subsystem Specification, HNF-4164, Rev. 0. The previous revision was based on the 
Draft Level 2 Specifications. 

1.3 Ownership 

rhis SDD is owned by the Project Engineer responsible for the Mixer Pump System. 

I .4 Definitions/Glossary 

General Service (GS) SSC - Structures, systems, or components (SSCs) not classified as either Safety 
Elass or Safety Significant. 

Manifold - Remotely installed rigid piping system inside a pit that transfers waste and flush water 
xtween nozzles. 

Mix/Blend -The process of combining waste material from more than one tank. 
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llobilize - The process of resuspending settled sludge from the bottom of a tank. 

'hysically Connected - Refers only to piping, tanks, and structures and their associated 
nstrumentation. 

Physically connected piping is any piping that is part of or connected to the transfer route. 
Piping need not be considered connected to the transfer route if it is physically disconnected as 
described below. 

- An air gap (e.g., removal ofpiping, transfer jumper) is considered to physically disconnect 
piping on either side of the air gap; or 
A blind flange/process blank in the transfer route is considered to physically disconnect 
piping on either side of the blind flange or process blank; or 
An operable service water pressure detection system is considered to physically disconnect 
piping downstream of the first or second closed isolation valve of the detection system that is 
downstream of the source of pressurized WASTE, depending on how the system pressure 
boundary integrity is tested (see HNF-SD-WM-SAR-067, Chapter 4.0); or 
An OPERABLE backflow prevention system in the 204-AR Waste Unloading Facility is 
considered to physically disconnect piping downstream of the second isolation valve that is 
downstream of the source of pressurized WASTE; or 
Two Safety - Significant isolation valves, INDEPENDENTLY VERIFIED to be in the 
closed position, are considered to physically disconnect piping on the downstream side of the 
second closed isolation valve that is downstream of the source of pressurized waste. 

(Note: Closed valves that are not designated as Safety-Significant do not physically 
disconnect piping from the transfer route). 

- 

- 

- 

- 

The EasVWest cross-site transfer line and replacement cross-site transfer lines are considered 
PHYSICALLY CONNECTED piping only when cross-site WASTE transfers are in progress. 
The EasVWest cross-site transfer line is the piping between 241-UX-154 diversion box and 241- 
ER-151 diversion box. The replacement cross-site transfer line is the piping between 241-SY-A 
and 241-SY-B valve pits and the 244-A lift station. 

PHYSICALLY CONNECTED structures are those structures through which PHYSICALLY 
CONNECTED piping runs, or structures that could be subject to leakage from PHYSICALLY 
CONNECTED piping. 

PHYSICALLY CONNECTED tanks are those tanks connected to the transfer route, those tanks 
connected to the PHYSICALLY CONNECTED piping, and those tanks designed to receive 
leakage from PHYSICALLY CONNECTED piping through a drain path. 
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RPP Design Authority - A person qualified in the practice of engineering with four years demonstrated 
job related experience including two years in their specific functional areas. For nuclear structures, 
systems, or components, they shall have at least one-year nuclear experience. The RPP Design 
Authorities for the facility and for the Project must have completed the RPP Design Authority 
Qualification Card and have an appointment letter approved by the RPP Chief Engineer. 

Safety Class (SC) SSC -An SSC that prevents or mitigates releases to the public that would otherwise 
exceed the offsite radiological risk guidelines, or to prevent a nuclear criticality. Those SSCs that 
support the safety function of a SC SSC may also be SC. 

Safety Significant (SS) SSC -An SSC that prevents or mitigates releases of radiological materials to 
onsite workers and toxic chemicals to the offsite public and onsite workers. Safety significant also 
describes worker safety SSCs that protect the facility worker from serious injury (or fatality) from 
hazards not controlled by institutional safety programs. Those SSCs that support the safety function of 
an SS SSC are also SS. 

Shall -Denotes a requirement. 

Should -Denotes a recommendation. If a “should” requirement cannot be satisfied, justification of an 
alternative design shall be submitted to the Design Authority for approval. 

Suspend - The process of putting or keeping fluidized waste particles into a uniform suspension within 
the liquid phase of the waste 

Tank Opening - Tank risers and pits with an open path to the tank. 

To be determined (TBD) - A  study and/or calculation needs to be performed in order to provide a 
sufficient technical basis for the requirement. 

To be refined (TBR) - A “soft” basis for the requirement has been identified. However, a further stu-,’ 
and/or calculation need to be performed in order to solidify the requirement’s technical basis. 

Transfer-Associated Structure - Pump pits, valve pits, diversion boxes, or cleanout boxes. 

Waste Feed -Waste slurry to be transferred to the Waste Treatment Facility (WTF) containing a 
mixture of solids and liquids. 

2.0 GENERAL OVERVIEW 

2.1 System Functions 

The overall mission of the Mixer Pump System is to reliably prepare the required quantities of tank 
waste for transfer to the treatment and immobilization facilities on schedule, within specifications, an 
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n conformance with regulatory, safety, and contractual requirements. The system must perform the 
bllowing functions to accomplish the overall mission of the Mixer Pump System: 

Mix waste for low activity waste (LAW) salt dissolution in source tanks, 
Monitor and control mixer pump operations for LAW salt dissolution, 
Mix waste in LAW staging tanks, 
Monitor and control mixer pump operations in LAW feed source and staging tanks, 
Mobilize and suspend solids in high level waste (HLW) feed source and staging tanks, and 
Monitor and control mixer pump operations in HLW feed source and staging tanks. 

!.2 System Classification 

The Mixer Pump System to be utilized for waste feed delivery is classified as “General Service’’ 

!.3 Basic Operational Overview 

The Mixer Pump System will be used for LAW and HLW waste preparation activities including, but not 
imited to, LAW salt dissolution, homogenization of LAW batches, mobilizing settled HLW solids, 
nixing/blending HLW batches, and HLW solids suspension. 

0 

i.0 

i.1 

Waste preparation is performed prior to transferring LAW from the source tanks to the staging 
tanks. As part of waste preparation, mixer pumps will be utilized for LAW salt dissolution. 

Staging tanks are used to prepare LAW waste batches for transfer to the WTF. Mixer pumps are 
utilized for waste homogenization after waste batches are received at the LAW staging tanks. 

The HLW feed delivery strategy includes combining wastes from different source tanks into a 
single feed staging tank. After the wastes are received, they will be blended together to make up 
a homogeneous HLW feed. Mixing andor blending of the waste will be performed by operation 
of mixer pumps. 

Solids suspension will be performed by operation of mixer pumps. The objective of waste 
suspension is to distribute the waste solids throughout the supernate to obtain uniform slurry that 
will meet both processing and transfer requirements. 

REQUIREMENTS AND BASES 

General Requirements 

.his section identifies the general requirements for the Mixer Pump System and the bases for these 
equirements. 
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3.1.1 

a. 

b. 

C. 

d. 

e. 

f. 

System Functional Requirements 

Reauirement: The Mixer Pump System shall agitate the LAW tank waste salt layer, mobilize 
insoluble solids in HLW tanks, and homogenize waste for sampling. 

m: This requirement is per HNF-4164, Double-Shell Tank Mixer Pump Subsystem 
Specification, Rev. 0, Section 3.2. I .  I .  

Reauirement: Precipitated salts are mobilized by mixer pump operation to facilitate the 
dissolution process. The mobilization process shall be controlled by monitoring mixer pump 
operation and process parameters, comparing data to process limits, and maintaining process 
parameters within limits. 

w: This requirement is per HNF-5146. Low-Level Waste Feed Process Control Strategp, 
Rev. 0, Section 4.2.2. 

Reauirement: The Mixer Pump System shall be capable of mixing diluent with settled solids 
containing undissolved salts in LAW tanks such that adequate salt dissolution is achieved and the 
tank is homogenized. 

m: This requirement is per HNF-4164, Double-Shell Tank Mixer Pump Subsystem 
Specification, Rev. 0, Section 3.2.1.2. 

Reauirement: The Mixer Pump System shall be capable of mobilizing and homogenizing 
settled solids in HLW tanks to suspend the solids in the waste slurry. 

m: This requirement' is per HNF-4164, Double-Shell Tank Mixer Pump Subsystem 
Specification, Rev. 0, Section 3.2.1.3. 

Reauirement: The Mixer Pump System shall provide instrumentation output to allow remote 
monitoring and control from a DST Monitoring and Retrieval Control System located outside the 
tank farm radiation zone. 

B A :  This requirement is per HNF-4164, Double-Shell Tank Mixer Pump Subsystem 
Specification, Rev. 0, Section 3.1.2.1.4.a. 

Reauirement: Mixer pump operation shall be monitored to ensure proper operation and 
mechanical integrity of the pump, and limit impingement on other i n - t a  equipment. 

w: This requirement is per HNF-5146, Low-Level Waste Feed Process Control Strategy, 
Rev. 0, Section 6.2.2. 
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;. Requirement: The Mixer Pump System shall accept and route externally supplied water/diluent 
to the pump cavity for flushing, to the pump suction area for waste dilution during 
startup/operation, for addition of bulk dilution water, for waste displacement below the pump 
during installation; and, depending on design, water to fill the column and pressurize mechanical 
seals. (Note: All of these connections shall be above grade and shall not tie to the Transfer 
Piping System. Water systems that are exposed to pump discharge pressure shall be protected to 
prevent potential backflow. Water connections must comply with requirements of HNF-SD- 
WM-TSR-006, Section 3.1.2, LCO 3.1.2.) 

B&: This requirement is per HNF-4164, Double-Shell Tank Mixer Pump Subsystem 
Specification. Rev. 0, Sections 3.2.2.c and 3.2.2.g. 

Requirement: To the extent practical, mixer pump designs shall be standardized to allow use in 
multiple tanks. 

&&: This requirement is per HNF-4164, Double-Shell Tank Mixer Pump Subsystem 
Specification, Rev. 0, Section 3.2.7. 

1.1.2 Systems and Major Components 

rhe Subsystems and Major Components contained within the mixer pump system are: 

1. 

Mixerpump, 
Pump Motor, 
Pump Turntable, 
Pump Support, and 
Vertical Indexing. 

The Mixer Pump System is described in further detail in Section 4.0. 

1.1.2.1 Mixer Pump 

L. Requirement: Mixer pumps shall be designed to operate with the Net Positive Suction Head 
(NPSH) available defined in RPP-5585 or operational or design provisions shall be made to 
operate pumps in an acceptable manner. 

m: This requirement is per  HNF-4164, Double-Shell Tank Mixer Pnmp Subsystem 
Specification. Rev. 0, Sections 3.3.1.i and 3.2.5.2.4, as mod$ed by engineering judgment. 

Requirement: Each mixer pump shall provide two ets, 180" o posed, with velocity-nozzle 
diameter product (U,D) that is a minimum of 29.4 A /s (2.73 m /s) at 100 percent speed with a 
minimum impeller submergence of 3 A (91 cm). 

I. i P 
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&&: This requirement is per HNF-4164. Double-Shell Tank Mixer Pump Subsystem 
Specification, Rev. 0, Sections3.2.1.l.a. 3.2.1.2, 3.2.1.3, 3.2.1.4, 3.2.1.5, 3.2.1.6, 3.2.1.7, 3.2.1.8, 
and 3.2.1.9. 

C. 

d. 

e. 

f. 

g. 

h. 

Reauirement: Pump seals or other design features upon failure shall not provide a pathway for 
tank waste liquids or gases to the environment. 

B A :  This requirement is per HNF-4164, Double-Shell Tank Mixer Pump Subsystem 
Specification. Rev. 0, Section 3.3.1.n. 

Reauirement: Lifting bails and any special yokes or spreaders shall be provided that enable 
handling of the mixer pump in the horizontal and vertical positions, while allowing insertion of 
system into the DST. 

B A :  This requirement is per HNF-4164, Double-Shell Tank Mixer Pump Subsystem 
SpecEfication. Rev. 0, Section 3.3.1.k. 

Reauirement: The Mixer Pump System shall be capable ofbeing lifted to an upright position 
from a horizontal position by a crane from a single point on the mounting flange end without 
damage to the pump or its components. 

W s :  This requirement is per HNF-4164, Double-Shell Tank Mixer Pump Subsystem 
Specification, Rev. 0, Section 3.3.1.1. 

Reauirement: Lifting lugs or eye bolts for handling shall have a safety factor of 3 based on 
yield strength or 5 based on ultimate strength, whichever is most conservative. 

B&: This requirement is per HNF-4164, Double-Shell Tank Mixer Pump Subsystem 
Specification, Rev. 0, Section 3.3.1.g. 

Reauirement: Capability shall be provided to deliver raw water or diluent near the mixer pump 
suction area (sparge ring) to remove solids from below the pump and facilitate installation. 

w: This requirement is per HNF-4164, Double-Shell Tank Mixer Pump Subsystem 
Specification, Rev. 0, Section 3.3.1.0. 

Reauirement: The Mixer Pump Subsystem shall not exceed the following demand for strained 
raw water. Filtering to 55 micron at the mechanical seal (if required by design) is part of pump 
design. 

Supply pressure = 551 W a  (80 lbf7in2 gauge), or 
Flow rate = 0.3 L/s (5 gal/min). 
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B d :  This requirement is per HNF-4164, Double-Shell Tank Mixer Pump Subsystem 
Specification, Rev. 0, Section 3.1.2.1.2.a. 

Requirement: The Mixer Pump Subsystem shall not exceed the following demand for strained 
raw water. Filtering to 575 micron at the pump column (if required by design) is part of pump 
design. 

m: This requirement is per HNF-4164, Double-Shell Tank Mixer Pump Subsystem 
Specification. Rev. 0, Section 3.1.2.1.2.6. 

Requirement: Isolation valves shall be provided to isolate the wateddiluent supply lines to the 
mixer pumps. 

m: This requirement is per HNF-4164, Double-Shell Tank Mixer Pump Subsystem 
Specification, Rev. 0, Section 3.2.2.g. 

Requirement: The mixer pump shall meet the applicable design, fabrication, and the highest 
degree of dynamic balancing and testing requirements contained in API 610. 

&a&: This requirement is per HNF-4164, Double-Shell Tank Mixer Pump Subsystem 
Speci3cation. Rev. 0, Section 3.3.1.b. 

Supply pressure = 55 1 H a  (80 lbf/in2 gauge), or 
Flow rate = 0.3 L/s (5 gal/min). 

1.2.2 Pump Motor 

-: The mixer pump motor, if not of submersible design, shall be a vertical type and 
shall be designed to satisfy N E M A  MG-1. 

&&: This requirement is per HNF-4164. Double-Shell Tank Mixer Pump Subsystem 
Specification. Rev. 0, Sections 3.3.1.e and 3.3.3.d. 

Requirement: The mixer pump motor shall be equipped with a variable speed drive, 

m: This requirement is per HNF-4164, Double-Shell Tank Mixer Pump Subsystem 
Specification, Rev. 0, Section 3.2.l.l.d. 

1.2.3 Pump Turntable 

Requirement: The pump turntable assembly shall be located above grade. 

m: This requirement is per HNF-4164, Double-Shell Tank Mixer Pump Subsystem 
Specijkation. Rev. 0, Section 3.2.2.e. 
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3.1.2.4 Pump Support 

1. Requirement: The Mixer Pump System shall be capable of withstanding impingement forces 
placed on them by other mixer pumps in the same tank, with no damage or reduction in design 
life. 

m: This requirement is per HNF-4164, Double-Shell Tank Mixer Pump Subsystem 
Specification. Rev. 0, Section 3.2.5.2.6. 

Requirement: The flange supporting the mixer pump weight shall be located above the cover 
blocks (if the pump is installed in a pump pit). 

B&: This requirement is per HNF-4164, Double-Shell Tank Mixer Pump Subsystem 
Specification, Rev. 0, Section 3.2.2.e. 

Requirement: The pump column (if required by design) shall be drainable. 

B A :  This requirement is per HNF-4164, Double-Shell Tank Mixer Pump Subsystem 
Specification, Rev. 0, Section 3.3.8.d. 

3. 

:. 

3.1.2.5 Vertical Indexing 

Requirement: Overall mixer pump length must be confirmed on a tank-by-tank basis to ensure 
proper location of the suction and discharge nozzles. 

B A :  This requirement is per engineering judgment and lessons learned. 

Requirement: A vertical indexing system shall be provided, where necessary, to provide a 
mechanism to incrementally lower the mixer pump into tank solids. The system shall be based 
on information from HNF-EP-0182, and HNF-SD-WM-SP-012. 

B A :  This requirement is per HNF-4164. Double-Shell Tank Mixer Pump Subsystem 
Specification, Rev. 0, Seciions3.2.2.i, 3.2.1.1.d, 3.2.1.2, 3.2.1.3. 3.2.1.4, 3.2.1.5, 3.2.1.6, 3.2.1.7, 
3.2.1.8. and 3.1.2.9. 

3.1.3 Boundaries and Interfaces 

The Mixer Pump System has interfaces with seven other systems. Figure 3-1 provides a representation 
If the primary interfaces. 
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Mixer Pump ( PitlPad 

Diluent and 
Flush 

DST System 
Mixer Pump 

System 

Figure 3-1. Primary Interfaces for the Mixer Pump System 

Requirement: The Mixer Pump System shall provide a connection capable of providing water 
to the pump suction area (sparge ring) in order to remove sludge and settled solids from below 
the pump to facilitate pump installation, aid pump start-up after periods of inactivity, and add 
bulk dilution water. 

m: This requirement is per HNF-4164, Double-Shell Tank Mixer Pump Subsystem 
Specification, Rev. 0, Section 3.3.1.0. 

Requirement: The Mixer Pump System shall provide a connection capable of providing water 
at 2200 gal/min (760 L/min) to the pump cavity to enable flushing of the pump cavity to clear 
accumulated solids and internal flushing for decontamination at end of life. 

m: This requirement is per HNF-4164, Double-Shell Tank Mixer Pump Subsystem 
Specification, Rev. 0, Section 3.2.1.5. 

Requirement: For pumps installed in 42-in. (107-cm) nominal diameter risers, the maximum 
diameter of pump components below the mounting flange shall be limited to 39 in. (99 cm) or 
larger verified dimension, which allow easy installatiodremoval. 

B d :  This requirement is per HNF-4164, Double-Shell Tank Mixer Pump Subsystem 
Specification, Rev. 0, Section 3.2.2.a. ~- 
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Title 
Radioactive Waste Management, U S .  Department of Energy, 
Washington, D.C. 
General Design Criteria, U S .  Department of Energy, Washington, 
D.C. 
Hanford Site Radiological Control Manual (HSRCM-I), 
U.S. Department of Energy-Richland Operations Office, Richland, 
Washington. 
Resource Conservation and Recovery Act of 1976, 42 USC 6901. 
Occupational Radiation Protection, Code of Federal Regulation, 
dated 11\98, Washington, D.C. 

Report No. W-521-SDD-03, Rev. 2 
September 2000 

1. Requirement: For pumps installed in 34411. (86-cm) nominal diameter risers, the maximum 
diameter ofpump components below the mounting flange shall be limited to 31 in. (79 cm) or 
larger verified dimension, which will allow easy installatiodremoval. 

m: This requirement is per HNF-4164, Double-Shell Tank Mixer Pump Subsystem 
Specfication, Rev. 0, Section 3.2.2.6. 

Reauirement: Mixer pump components located above the mounting flange shall not extend 
more than 61 cm (24 in.) radially from the pump centerline in order to be compatible with the 
maximum LLCE receiver design. 

:. 

&&: This requirement is based on the need to assure compatibility with theflexible receiver 
apparatus for  pump retrieval. 

1.1.4 Codes, Standards and Regulations 

1.1.4.1 Government Documents 

Jational codes, standards, and the Hanford Site documents that form a basis for the Mixer Pump System 
equirements are listed in Table 3-2. Note: The RPP-PROS implement federal and state regulations and 
)OE Orders. In addition, it should be noted that some requirements are based on the existing 
uthorization basis documents ("F-SD-WM-SAR-067, HNF-SD-WM-TSR-006, etc.). In addition, the 
ist of procedures is not intended to be complete, but rather to identify key ones which, when 
mplemented, will support successful completion of design activities. Other specific 
lrocedures/documents are referenced throughout the sections of this document. 
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AASHTO, H20-44, 1996 

ASME B31.3, 1999 

ASME B&PV, Section V, 1998 

ASME B&PV, Section IV 

ANSI 2358.1-1990 

ASME NQA-I, 1994 

V ~ I X E R  PUMP SYSTEM DESJGN DESCRIPTION 

Title 
Standard Specification for  HS-20, Highway Loading, American 
Association of State Highway and Transportation Officials. 
Process Piping, American Society of Mechanical Engineers, New York, 
New York. 
Non-Destrucrive Examination, American Society of Mechanical 
Engineers. New York, New York. 
Heating Boilers, American Society of Mechanical Engineers, New 
York, New York. 
Emergency Eyewash and Shower Equipment, American National 
Standards Institute. 
Nuclear Qualiy  Assurance Program Requirements for  Nuclear 
Facilities, American Society of Mechanical Engineers, New York, New 

Report No. W-521-SDD-03, Rev. 2 
September 2000 

HNF-SD-WM-SAR-067, Rev. I ,  1999 

HNF-SD-WM-SEL-040, Rev. 1, 1998 

HNF-SD-WM-SP-012. Rev. I ,  1999 

Hanford, Richland, Washington. 
Tank Wasre Remediation System Final Safety Analysis Report, Fluor 
Daniel Hanford, Richland, Washington. 
TWRS Faciliy Safety Equipment List, Lockheed Martin Hanford 
Corporation for Fluor Daniel Hanford, Richland, Washington. 
Operations and Utilization Plan, Numatec Hanford Corporation, 

Rev. IA 1999 

HNF-SD-WM-TRD-007, Rev. E 
Draft, 1998 

Lockheed Martin Hanford Corporation and COGEMA Engineering 
Corporation for Fluor Daniel Hanford, Richland, Washington. 
System Specification for  the DST System, COGEMA Engineering for 
Fluor Daniel Hanford, Richland, Washington. 
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Document Number I Title 
HNF-SD-WM-TSR-006. Rev. 0-R. 1 Tank Waste Remediation Svstem Technical Safetv Reauirements. Fluor 

I , I ,  ' ~~ 
~ ~~. ~~~ ~ ~ ~ ~~ 

1999 Daniel Hanford. Richland, Washington. 
KACE RP 0169-96, 1996 
HNF-SD-GK-ER-501, Rev. 1, 1998 

I Coiirrol o f  Errernol Corrosion Engineers. Houston. Texas. 
I h'arural Phvnomcva Hazards, Hanjord Sire, Washington. Nurnatec 

- 

I Hanford Corporation for Fluor Daniel Hanford, Richland, Washington. 
I Tank Farms Health and Safely Plan, Lockheed Martin Hanford HNF-SD-WM-HSP-002, Rev. 3A, 

1998 
HNF-5183, Rev. 0, 1999 

HNF-Latest Revision 

Corporation for Fluor Daniel Hanford, Richland, Washington. 
Tank Farms Radiological Control Manual, Fluor Daniel Hanford, 
Richland, Washington. 
Hoisting and Rigging Manual 

3.1.5 

1. 

1.2 

5.2.1 

1. 

). 

I. 

Operability 

Requirement: The Mixer Pump System shall be designed to prevent collateral damage to tank 
structures and components (e.g., risers, tanks, pits, etc.) from the pump systems or components 
during any credible Design Basis Accident (DBA). 

m: This requirement is per  HNF-4164, Double-Shell Tank Mixer Pump Subsystem 
Specification. Rev. 0, Section 3.3.6.2.a. 

Special Requirements 

Radiation and Other Hazards 

Requirement: The Mixer Pump System design shall provide means of internally flushing the 
pump bowl or volute to reduce internal contamination levels before or during pump removal 
from tank. 

w: This requirement is per  HNF-4164, Double-Shell Tank Mixer Pump Subsystem 
Specification, Rev. 0, Section 3.3.8.f: 

Requirement: Designs should simplify cut-up, dismantlement, removal, and packaging of 
contaminated pumps in accordance with DOE Order 6430.1A2, Section 1300-11.2. 

B A :  This requirement is per HNF-4164. Double-Shell Tank Mixer Pump Subsystem 
SpecIJication. Rev. 0, Section 3.3.8.c. 

Requirement: The Mixer Pump System and components shall be designed in accordance with 
the safety classification for each. The safety classification shall be determined using the process 
described in RPP-PRO-700, RPP -PRO-702, RPP -PRO-703, and RPP -PRO-704, based on the 
guidelines in "F-SD-WM-SAR-067, Section 3.0. 

m: This requirement is per  HNF-4164, Double-Shell Tank Mixer Pump Subsystem 
Specification, Rev. 0, Section 3.3.6.3.a. 
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d. 

e. 

f. 

3.2.2 

a. 

3.2.3 

NIA 

3.2.4 

a. 

3.2.5 

a. 

Requirement: The Mixer Pump System shall not fail in such a way as to prevent removal of the 
pump from the tank following any credible DBA. 

m: This requirement is per HNF-4164, Double-Shell Tank Mixer Pump Subsystem 
Specification, Rev. 0, Section 3.2.4.b. 

Requirement: All components that may become contaminated with radioactive or other 
hazardous materials under normal or abnormal operating conditions shall be designed to 
incorporate measures to simplify future decontamination and decommissioning in accordance 
with DOE Order 6430.1A, Sections 0110-99.0.1,0205-2, and 1300-1 1. 

m: This requirement is per HNF-4164, Double-Shell Tank Mixer Pump Subsystem 
Specification, Rev. 0, Section 3.3.8.a. 

Requirement: All welds that will be in contact with waste shall be designed to eliminate crud 
traps. <TBR> 

m: This requirement is per HNF-4164. Double-Shell Tank Mixer Pump Subsystem 
Specification, Rev. 0, Section 3.3.8.6. 

ALARA 

Requirement: Mixer pump shielding shall be designed to keep personnel exposures as low as 
reasonably achievable (ALARA) in accordance with RPP -PRO-1621 and RPP -PRO-1622. 

m: This requirement is per HNF-4164. Double-Shell Tank Mixer Pump Subsystem 
Specification, Rev. 0, Section 3.3.6.I.a. 

Nuclear Criticality Safety 

Industrial Hazards 

Requirement: The Mixer Pump System shall incorporate occupational safety and health design 
features that comply with the requirements of HNF-SD-W-HSP-002. 

m: This requirement is per HNF-4164, Double-Shell Tank Mixer Phmp Subsystem 
Specification, Rev. 0, Section 3.3.6.1.b. 

Operating Environment and Natural Phenomena 

Requirement: The system shall be designed for the natural environmental conditions specified 
in HNF-SD-GN-ER-501, Natural Phenomena Hazards. Hanford Site, Richland, Washington. 
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&&: This requirement is per HNF-4164, Double-Shell Tank Mixer Pump Subsystem 
Specification, Rev. 0, Section 3.2.5.1.a. 

Requirement: The Mixer Pump System shall be designed to comply with the ignition control 
requirements per HNF-SD-WM-TSR-006. 

Basis: This requirement is per HNF-4164, Double-Shell Tank Mixer Pump Subsystem 
Specification, Rev. 0, Section 3.3.6.3.b. 

Reauirement: The in-tank temperature range for mixer pump design is 10 to 104°C (50 to 
220'F). 

b. 

c. 

B-This requirement is per HNF-4164, Double-Shell Tank Mixer Pump Subsystem 
Specification, Rev. 0, Section 3.2.5.2.5. Note: W-521 will not meet requirement as waste would 
boil at referenced temperature. CHG to revisit specijication requirement. 

3.2.6 Human Interface Requirements 

Human performancehuman engineering requirements are not applicable to the mixer pump system. 

3.2.7 Specific Commitments 

No specific commitments have been identified. 

3.3 Engineering Disciplinary Requirements 

3.3.1 Civil and Structural 

a. Reauirement: All pump structural connections that require welding shall be welded in 
accordance with American Welding Society (AWS) D1.1. 

B&: This requirement is per HNF-4164, Double-Shell Tank Mixer Pump Subsystem 
Specification, Rev. 0, Section 3.3. I.c. 

Reauirement: The Mixer Pump System support foundations shall be designed in accordance 
with ACI 349. 

m: This requirement is per HNF-4164, Double-Shell Tank Mixer Pimp Subsystem 
Specification, Rev. 0, Sections 3.2.1j. 

Requirement: Structural steel components shall be designed and fabricated in accordance with 
AISC specifications. 

m: Good Engineering Practice. 

b. 

c. 
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3.3.2 Mechanical and Materials 

Requirement: Mixer pump mechanical components, including pump seals, shall be capable of 
performing their intended functions from 100 rpm percent to 100 percent rated full speed. 
<TBR> 

B A :  This requirement is per HNF-4164, Double-Shell Tank Mixer Pump Subsystem 
Specifcation, Rev. 0, Section 3.2.1. I.c. 

Requirement: The system should use appropriate stainless steel for components that will be in 
contact with the waste and vapor space environments to aid in decontamination. 

B A :  This requirement is per HNF-4164, Double-Shell Tank Mixer Pump Subsystem 
Specification, Rev. 0, Sections 3.3.8.i. 

Requirement: All pump piping connections shall be designed and welded in accordance with 
American Society of Mechanical Engineers (ASME) B3 1.3 

m: This requirement is per HNF-4164, Double-Shell Tank Mixer Pump Subsystem 
Specification, Rev. 0, Section 3.3.1.d. 

Requirement: Mixer pumps shall be provided with a stamped stainless steel tag with the 
following data: manufacturer's name, manufacturer's partlitem number, drawing number, year 
manufactured, and specification number and revision(s). 

B A :  This requirement is per HNF-4164, Double-Shell Tank Mixer Pump Subsystem 
Specification, Rev. 0, Section 3.3.3.6. 

Requirement: The mixer pump identification tag shall be visible after pump installation. 

B A :  This requirement is per HNF-4164, Double-Shell Tank Mixer Pump Subsystem 
Specification, Rev. 0, Section 3.3.3.c. 

Requirement: Surface finishes of pump components below the riser flange shall be established 
after a costhenefit analysis at detail design by the project. 

B A :  This requirement is per HNF-4164, Double-Shell Tank Mixer Pump Subsystem 
Specification, Rev. 0, Section 3.3.8.e. 

Requirement: Internal and external cracks, crevices, and hold-up points shall be minimized to 
facilitate pump cleanup for disposal. 

B A :  This requirement is per HNF-4164, Double-Shell Tank Mixer Pump Subsystem 
Specification. Rev. 0, Section 3.3.8.g. 
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h. 

I. 

3.3.3 

1. 

3.3.4 

1. 

1. 

,. 

Requirement: Internal voids below the maximum waste level shall either be flushable, 
pressurized, filled, or sealed to minimize the pump’s source term of radioactive material at end 
of life. 

&a&: This requirement is per HNF-4164, Double-Shell Tank Mixer Pump Subsystem 
Specification, Rev. 0, Section 3.3.8.h. 

Requirement: System components shall be designed to withstand the shock and vibration 
environments during normal transportation. 

B&: This requirement is per HNF-4164, Double-Shell Tank Mixer Pump Subsystem 
Specification, Rev. 0, Section 3.2.6. 

Chemical and Process 

Requirement: Components in contact with tank waste shall be designed to perform their 
intended function in the chemical environment defined in Best-Basis Inventoty (database). 

B A :  This requirement is per HNF-4164, Double-Shell Tank Mixer Pump Subsystem 
Specification, Rev. 0, Section 3.2.5.2. 

Electrical Power 

Requirement: Mixer pump motors shall be equipped with either a Variable Frequency Drive 
(VFD) or equivalent speed control system, capable of operating the mixer pump between 100 
rpm and 100 percent of rated full speed <TBR>. Low-speed torque characteristic of the 
motorNFD should be examined in with respect to initial starting waste viscosity. 

B&: This requirement is per HNF-4164. Double-Shell Tank Mixer Pump Subsystem 
Specification, Rev. 0, Sections 3.3.l.j, 3.2.1.1.c, 3.2.1.2, 3.2.1.3, 3.2.1.4. 3.2.1.5, 3.2.1.6, 3.2.1.7, 
3.2.1.8, and3.2.1.9. 

Requirement: A VFD capable of controlling rotational speed from 0.05 to 0.2 rev/min shall 
power the mixer pump turntable drive. 

B&: This requirement is per HNF-4164, Double-Shell Tank Mixer Pump Subsystem 
Specification, Rev. 0, Section 3.2.1.1.b. 

Requirement: The power supply to the mixer pump motor and the turntable VFDs shall be 480 
VAC, 3-phase, 60 Hz. 

B&: This requirement is per HNF-4164, Double-Shell Tank Mixer Pump Subsystem 
Specification, Rev. 0, Sections 3.1.2.I.l.a. 
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Reauirement: Electrical equipment enclosures shall be industrial controls and systems NEMA 
ICs 6 Standards. 

B: This requirement is per HNF-4164, Double-Shell Tank Mixer Pump Subsystem 
Specification, Rev. 0, Section 3.3.1$ Note: the Design Authority is processing papenvork to 
resolve issue. Electrical enclosures andjunction boxes of the proper NEMA rating shall be 
utilized. 

Reauirement: Electrical grounding shall be provided for all Mixer Pump System electrical 
systems in accordance with the National Electrical Code (NFPA 70, 1999). 

B: This requirement is per good engineeringpractice. 

Reauirement: The mixer pump motor, if not of submerged design, shall conform to NEMA 
MG-1 requirements. 

m: This requirement is per HNF-4164, Double-Shell Tank Mixer Pump Subsystem 
Specification, Rev. 0, Section 3.3.1.e. 

Reauirement: Motors shall be provided with a stamped stainless steel identification tag in 
accordance with NEMA MG-1 requirements. 

w: This requirement is per HNF-4164. Double-Shell Tank Mixer Pump Subsystem 
Specification, Rev. 0, Section 3.3.1.d. 

Reauirement: Electrical materials and equipment shall be Underwriters Laboratories (UL) or 
FM tested, with label attached, for the purpose intended, whenever such products are available. 
Where there are no UL or FM listed products of the type, testing and certification by the River 
Protection Project (RPP) Design Authority in conjunction with the Flammable Gas Equipment 
Advisory Board, or by a nationally recognized testing laboratory shall be acceptable. 

w: This requirement is per HNF-4164. Double-Shell Tank Mixer Pump Subsystem 
Specification, Rev. 0, Section 4.1.2.a. 

1.3.5 Instrumentation and Control 

3. Reauirement: The Mixer Pump System shall include sensorshstrumentation to provide remot 
readout of the following parameters: bearing temperature, pump vibratibn, motor stator winding 
temperature, turntable rotation and orientation, discharge nozzle pressure, sweep speed, 
revolutions per minute, and motor amperage. <TBR> 

B A :  This requirement is per HNF-4164, Double-Shell Tank Mixer Pump Subsystem 
Specification, Rev. 0, Section 3.2.1. IO .  
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b. Requirement: The Mixer Pump System shall provide fixed, non-rotating, environmentally 
protected field terminations for all power and signal connections that comply with applicable 
National Electrical Codes and standards. 

I&&: This requirement is per HNF-4164, Double-Shell Tank Mixer Pump Subsystem 
Specification, Rev. 0, Section 3.3. I.m. 

Requirement: The system shall comply with electromagnetic radiation emission requirements 
set forth in Draft HNF-2962. 

B M :  This requirement is per HNF-4164, Double-Shell Tank Mixer Pump Subsystem 
Specification. Rev. 0, Section 3.3.2. 

c. 

3.3.6 Computer Hardware and Software 

There is no computer hardware associated with the Mixer Pump System. 

3.3.7 Fire Protection 

NA 

3.4 Testing and Maintenance Requirements 

3.4.1 Testability 

Testability requirements shall be established based on detailed design and vendor information. 

3.4.2 TSR-Required Surveillance 

No technical safety requirement (TSR)-related surveillance requirements have been identified at this 
time. 

3.4.3 Non-TSR Inspections and Testing 

a. Requirement: Each mixer pump shall be tested for hydraulic and mechanical performance, 
vibration response, and other special testing as called out in Hydraulic Institute Standards. 

I&&: This requirement is per HNF-4I64, Double-Shell Tank Mixer Pump Subsystem 
Specification, Rev. 0, Section 4.1.2.d. 

Requirement: All lifting yokes shall be load tested to 125 percent of the rated load. 

B&: This requirement is per HNF-4164, Double-Shell Tank Mixer Pump Subsystem 
Specification, Rev. 0, Section 4.1.2.d. 

b. 
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C. 

3.4.4 

a. 

b. 

C. 

3.5 

3.5.1 

Requirement: Capability shall be demonstrated to lift the mixer pump assembly and lower it 
allowing straight vertical insertion into the DST. 

E-: This requirement is per HMF-4164, Double-Shell Tank Mixer Pump Subsystem 
Specification, Rev. 0, Section 4.1.2. b. 

Maintenance 

Requirement: All like equipment and parts shall be interchangeable/standardized to the 
maximum extent practical. 

&&: This requirement is per HNF-4164, Double-Shell Tank Mixer Pump Subsystem 
Specification, Rev. 0, Section 3.3.5. 

Requirement: Components located within pump pits or below the mounting flange shall be 
designed for no preventive or corrective maintenance during the design life. 

&&: This requirement is per HNF-4164, Double-Shell Tank Mixer Pump Subsystem 
Specification, Rev. 0, Section 3.2.3.c. 

Requirement: Components located below the riser flange or internal to a pump pit shall be 
designed for no maintenance, other than flushing or bumping. 

&&: This requirement is per HNF-4164. Double-Shell Tank Mixer Pump Subsystem 
Specification. Rev. 0, Section 3.5.1.a. 

Other Requirements 

Security and Special Nuclear Material (SNM) Protection 

There are no security or SNM protection requirements identified for the Mixer Pump System. 

3.5.2 Special Installation Requirements 

There are no special installation requirements identified for the Mixer Pump System at this time. 

3.5.3 

a. 

Reliability, Availability, and Preferred Failure Modes 

Reauirement: The Mixer Pump System shall be designed for 5,000 hours of operation over a 
1 0-year period, including repeated operational cycles with multiple starts/stops. 

E A :  This requirement is per HNF-4164, Double-Shell Tank Mixer Pump Subsystem 
Specification, Rev. 0, Section 3.2.3.a. 
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b. 

C. 

d. 

D ". 

3.5.4 

3.5.5 

1. 

Requirement: Mixer pump manufacturers shall provide written recommendations of 
operational practices such as bumping and flushing to maximize usefbl life. 

m: This requirement is per HNF-4164, Double-Shell Tank Mixer Pump Subsystem 
Specification, Rev. 0, Section 3.2.3.6. 

Requirement: Minimum numbers of spares for like components shall be determined during 
design based on mean time between failure and the number of like components installed. 

B A :  This requirement is per HNF-4164. Double-Shell Tank Mixer Pump Subsystem 
Specification. Rev. 0, Section 3.5.2.a. 

Requirement: The system shall be designed to withstand natural phenomenon hazards as 
specified in RPP-PRO-097. The system does not have to operate after a design basis earthquake; 
it only needs to be removable. 

m: This requirement is per HNF-4164, Double-Shell Tank Mixer Pump Subsystem 
Specification, Rev. 0, Section 3.2.5.1.b. 

Requirement: The equipment design shall minimize the time required to physically disconnect, 
remove, and replace the mixer pump. 

m: This requirement is per HNF-4164, Double-Shell Tank Mixer Pump Subsystem 
Specification, Rev. 0, Section 3.2.4.a. 

Quality Assurance 

Requirement: Quality assurance requirements are shown on the master equipment list (MEL). 

Miscellaneous 

Requirement: Records, documents, and drawing control pertinent to design functions shall be 
in accordance with RPP-PRO-222 and RPP-PRO-224. 

B A :  This requirement is per HNF-4164, Double-Shell Tank Mixer Pump Subsystem 
Specification. Rev. 0, Section 3.4.a. 

Requirement: The system design shall be verified to RPP-PRO-1819.' 

m: This requirement is per HNF-4164, Double-Shell Tank Mixer Pump Subsystem 
Specification, Rev. 0, Section 4.2. 

Requirement: The mixer pump system shall label new equipment andor modifications to 
existing equipment in a standardized format in accordance with the tank farm labeling program 
as specified in HNF-IP-0842, Volume IV, Section 4.14. 

). 

:. 
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d. 

4.0 

4.1 

4.1.1 

B A :  This requirement is per HNF-4164, Double-Shell Tank Mixer Pump Subsystem 
Specification, Rev. 0. Section 3.3.3.a. 

Requirement: The vertical indexing system (Type 3 pumps) shall be demonstrated for 
installation, removal, and indexing performance. 

&&: This requirement is per HNF-4161, Double-Shell Tank Transfer Piping Subsystem 
Specification, Rev. 0, Section 4.1.211: 

SYSTEM DESCRIPTION 

Configuration Information 

Description of System, Systems and Major Components 

Selection of a particular mixer pump type will include consideration of all waste types in the various W- 
521 tanks for Phase I waste feed delivery to assure that waste can be properly mixed at all waste levels 
and that the minimum of NPSH will be available. 

Mixer pumps at each waste tank will be selected on a tank-by-tank basis from the following types: Type 
1 - bottom suction and discharge; Type 2 - mid-level suction with bottom discharge; or Type 3 -vertical 
indexed bottom suction with bottom discharge. 

A typical Type 1 mixer pump configuration is illustrated in Figure 4-1. Type 2 pump would preclude 
nixing between deliveries of HLW sub-batches as waste level falls in the staging tank. The mixer pump 
system at each waste tank includes the major components discussed in the following paragraphs. 

1.1.1.1 Pump 

The major parts of the pump include the casing, discharge nozzles, suction strainer, suction inlet, and 
mpeller. The pump has horizontal discharge nozzles. 

1.1.1.2 Column 

The major parts of the column include the shaft and couplings, bearings, mechanical seals, radiation 
ihield support flange, and water supply piping and fittings. 

1.1.1.3 Sparge Ring 

4 sparge ring will be provided on the pump casing (lower end) for delivering filtered raw water or 
liluent near the pump suction. The sparge ring is utilized to add bulk dilution water and to remove 
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;ludge and settled solids from below the pump during installation and prior to pump startup after periods 
If inactivity. 
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Instrument Mixer Motor from VFD 
Signals 480 VAC. 3 0  

~ MixerPump 
~ Stationary m subsystem Boundary 
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.............. Column Fill & Seal ; 
I Flush Water 

~ Spargeor 
Rotation Motor (requires ~ Dllution Water 
480 VAC, 3 0  from VFD) 
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............................................. p- Vertical hdex 
......................... 

1- I 

............................................. 

I 
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I Inlet Nozzles 

VAC = Volts alternating current 
VFD = Variable Frequency Drive 

Figure 4-1. Typical Mixer Pump Configuration 
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4.1.1.4 Turntable 

The turntable mechanism is an integral part of the mixer pump assembly. An adapter flange will be 
provided for connecting the turntable to the support platform. The turntable mechanism includes an 
adjustable speed drive motor (0.05 to 0.2 rpm), ring gear drive system, and instrumentation for mixer 
pump rotational speed and nozzle orientation. The turntable mechanism is capable of operation in both 
clockwise and counterclockwise directions. The mixer pump assembly is fully functional without the 
turntable drive in operation. 

4.1.1.5 Motor 

The mixer pump will be driven by an electric motor designed for continuous service during tank mixing 
operations. The pump drive motor is a vertical induction type rated for the ambient environmental 
conditions to be encountered in an above ground installation. Heaters will be provided to prevent 
condensation when the motor is de-energized. The motor torqudspeed characteristics will be 
determined with specific attention to the high viscosity of the waste at startup. 

4.1.1.6 Variable Frequency Drive 

Mixer pump speed will be controlled through a VFD system matched to the pump motor. The VFD has 
soft-start capability and will support mixer pump operation from 100 rpm to 100 percent of full rated 
speed <TBR>. Special handling equipment will be provided for shipping and installation. 

4.1.1.7 Structural Support 

The mixer pump structural support bears the weight of the pump, motor, turntable column, radiation 
shield plug, and other associated components. This structure ensures that the weight of the mixer pump 
is not born by the tank riser. The support has an opening to match the maximum outside diameter of the 
mixer pump components in the tank. The mixer pump structural support and its associated design 
requirements are described in further detail in W-521-SDD-08, Rev. 2, Valve/Pump PitdCover Blocks 
System Design Description. 

4.1.1.8 Radiation Shield Plug 

A shield plug is provided to prevent radiation streaming through the riser. The shield plug is supported 
from a support flange attached to the mixer pump column. Lessons learned from Project W-151 will be 
applied to the shield plug design. 

4.1.1.9 Monitoring and Control 

The DST Monitoring and Retrieval Control System provides monitoring and control of the Mixer Pump 
System. Further detail on the monitoring and controls for mixer pumps is found in W-521-SDD-04, 
Rev. 2, Retrieval Control System Design Description. 
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1.1.2 Boundaries and Interfaces 

I’he Mixer Pump System interfaces with the DST Monitoring and Retrieval Control System; 
3lectricaVWater Utilities System; Diluent and Flush System; Pump PitPad; and the DST Confinement 
System (see Figure 3-1). An electrical pigtail from the pump motor interfaces with the Electrical 
System at a plugged connection. Instruments located on or in the pump and motor interface with the 
X T  Monitoring and Retrieval Control System at connection points on the pump head assembly. The 
mmp turntable assembly will be sealed and attached to a riser (part of the Tank Containment Boundary) 
n the pump pit. 

1.1.3 Physical Location and Layout 

The physical location of each mixer pump is identified in Table 4-1. 

1.1.4 Principles of Operation 

rhis document describes the functions of the mixer pumps when preparing LAW and HLW for transfer 
o alternate tanks. Mixing activities are three-fold. They are: 

It may be necessary to mobilize the solids which have been settled for long periods of time, 
While waste is stored in the tanks, it is desirable to mix/blend the waste to form a homogeneous 
feed, and 
Prior to transfemng the waste it is necessary to suspend any settled solids in order to meet the 
transfer requirements. 

The sequence of the activities for the entire process of waste transfer is discussed in two different 
locuments: Grenard 2000, “High-Level Waste Feed Process Control Strategy. Rev. 0, “ HNF-5145, 
ZH2M Hill, Richland, WA, and Grenard 2000, “Low-Level Waste Feed Process Control Strategy, Rev. 
1, ” HNF-5 146, CH2M Hill, Richland, WA. 
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4.1.4.1 Prepare LAW in Source Tanks 

Waste tanks AW-101, SY-101, and SY-103 have been identified as LAW source tanks. Waste 
preparation is performed prior to transferring LAW f?om the source tanks to the staging tanks in both 
200 East and 200 West source tanks. The major process steps for waste preparation at LAW source 
tanks are crust softening (optional, not included in current planning), salt dissolution, and solids settling. 
Mixer pumps are utilized for waste preparation before transfer of any contents to staging tanks, 

For tanks containing a high and/or dense solids level, a vertical indexing system will be used. This 
system will incrementally insert the pump, placing the suction near the solids level, mix to mobilize the 
upper solids layer then lower the pump to the news solids level and mix. This process will continue 
until the mixer pump is fully inserted. 

Prior to salt dissolution, an initial supernate transfer may be necessary to allow sufficient wateddiluent 
addition. During salt dissolution, most of the settled undissolved salts in the non-convective layer are 
dissolved by dilution, mobilization, and mixing with submerged jet mixer pump(s). Water or diluent can 
be added directly on top of the waste, by injection into the suction of a circulating transfer pump, or at 
the inlet to the mixer pump. With the pump off, the diluent flows into the tank, dissolving and diluting 
the waste at or near the point of entry. With the pump on, the diluent is forced through the non- 
convective layer in submerged jets that mobilize and dissolve salts. 

The mixer pumps can be operated with the nozzles in a fixed position or in the oscillating mode. In the 
oscillating mode, the two diametrically opposed nozzles are rotated back and forth through up to 180' 
arcs. If a large gas release is detected during the mixing process, the mixer pump is shut off for a period 
of time to allow the ventilation system to reduce the potential concentrations of flammable and other 
gases. 

After the waste is diluted and mixed, the mixer pump(s) is turned off and the undissolved solids are 
allowed to settle. In-situ solids distribution and settled solids level data are collected and samples are 
analyzed to verify adequate dissolution of the waste. Additional mixing time and/or diluent addition 
may be provided depending on results. After verification that the waste has been adequately diluted and 
mixed and the solids have settled, preparations are initiated for waste transfers to LAW staging tanks. In 
some cases, diluent addition, mixing, and supernate transfer may have to be performed more than one 
time to dissolve all possible soluble salts. 

1.1.4.2 

Waste tanks AY-101, AY-102, AW-103, AW-104, and SY-102 have been identified as HLW source 
tanks. Tank AW-104 is identified as both a LAW and HLW source. Waste preparation at HLW source 
tanks will involve waste mobilizing and solids suspension. Mixer pumps will be used for waste 
preparation in HLW staging tanks before transfer of any contents to staging tanks. 

Waste Preparation in HLW Source Tanks 

HND Team Page 28 

U-1 I4 



RPP-7069, REVISION 0 

MIXER PUMP SYSTEM DESIGN DESCRIPTION Report No. W-521-SDD-03, Rev. 2 
September 2000 

4.1.4.3 Mobilize HLW in Staging Tanks 

Waste tanks AY-101, AY-102, and AW-104 have been identified as HLW staging tanks. It is expected 
that waste preparation in each HLW staging tank will be similar. 

Settled solids at the bottom of the HLW staging tanks may form a hard heel after extended settling times 
and must be mobilized and suspended for retrieval and/or blending with other tank wastes. Vertical 
indexing of pumps will be performed, as necessary, in the same fashion as for LAW tanks. 

Wastes that are transferred into HLW staging tanks from HLW source tanks may need to be mobilized if 
allowed to settle for long periods, or kept suspended if the settled waste depth would inhibit the 
operation of the mixer pump or transfer pump. 

The HLW waste retrieval system for tanks AW-103 and AW-104 will use two 300-hp variable speed 
pumps. The pumps will be operated from speeds of 700 rpm to approximately 1200 rpm. Each pump 
has two opposing submerged jets that discharge 180 degrees apart and approximately 15 inches above 
the tank bottom. The pumps can also be rotated at various speeds for 180 degrees in either direction 
about their vertical axis. The rotation speed is variable from 0.0 5 rpm to 0.2 rpm. 

Current planning is to operate both mixer pumps in the oscillating mode during waste mobilization. 
Scale model mixer pump experiments have indicated that at least 90 percent of the waste can be 
mobilized using the two mixer pump system. It is expected that the mixer pumps will need to be 
operated longer and/or at a higher speed during initial mobilization of the waste than when the waste 
needs to be re-suspended for transfer. Operation of two pumps in both the fixed and oscillating modes 
may be necessary to mobilize the waste. Operating parameters, including pump speed, pump oscillating 
speed, and duration of operation will be better defined after a full-scale demonstration test that will be 
performed prior to retrieval operations in conjunction with Project W-151. 

The initial waste feed delivery operation will be to remove the settled sludge from the bottom of the tank 
and put the resulting waste particles into a slurry form. Operation of the mixer pumps will mobilize the 
settled waste in a radial direction from the centerline of the mixer pump. The mixer pumps will be 
2perated in an oscillating mode such that the two opposing discharge jets will rotate 180' thus covering 
:he entire tank. The extent that waste has been mobilized will be determined by measuring the radial 
iistance that the waste has been removed from the tank bottom, or the effective cleaning radius (ECR). 

1.1.4.4 M i a l e n d  HLW in Staging Tank 

The HLW feed delivery strategy includes combining wastes from different source tanks into a single 
Peed staging tank. After the wastes are received, they will be blended together to make up a 
iomogeneous HLW feed. 

Mixer pump operation for blending will be essentially the same as that for waste mobilization. Current 
ilans are to operate the pumps concurrently in the oscillating mode to obtain the most uniform mixture. 
t is expected that the pumps can be operated at a lower speed and/or &r less time during blending than 
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during waste mobilization since the settled and compacted solids have already been mobilized. 

Controls for mixer pump operation will be provided to assure uniform waste blending. Waste contained 
must be qualified prior to transfer to the WTF. Prior to being sampled, the wastes will be mixed or 
blended by operation of the mixer pumps to obtain a uniform consistency of the waste. Controls are 
required to determine the speed the mixer pumps need to be operated at, how long the mixer pumps need 
to be run, and other modes of operation such as intermittent operation. 

Waste uniformity during blending will be controlled by monitoring the waste profile during or 
immediately after mixer pump operation. Several methods can be used to perform this function, 
including measuring the suspended solids concentration, gamma activity above cesium, and slurry 
density, as a function of depth. In addition to slurry concentration profiles, slurry interface levels will 
provide additional information on waste homogeneity. 

4.1.4.5 Suspend HLW in Staging Tank 

The objective of waste suspension is to distribute the waste solids throughout the supernate to obtain 
uniform slurry that will meet both processing and transfer requirements. It is important that the waste is 
distributed uniformly throughout the tank so that batches transferred to the WTF will be consistent. The 
transfer pump suction will be near the tank bottom so that the maximum amount of the tank contents can 
be retrieved. The solids settling rate will therefore also be important as far as the timing of the transfers 
and the need to operate the mixer pumps during transfers to maintain the uniform waste concentration. 

Mixer pump operation for solids suspension will be essentially the same as that for waste blending. 
Current plans are to operate the mixer pumps concurrently in the oscillating mode. Controls are 
required to determine the speed the mixer pumps need to be operated at, how long the mixer pumps need 
to be run, and other modes of operation such as intermittent operation. 

Once the waste has been suspended, the mixer pumps will be turned off and the tank waste will be 
sampled to verify the waste concentrations are within the contractor specification limits and within site 
specifications for waste transfer. Sampling should be performed as soon as possible after the pumps 
have been turned off to provide a sample representative of a completely mixed tank without the effects 
of solids settling. Waste transfer can begin when specification requirements are confirmed. 

4.1.5 System Reliability Features 

System reliability features for the Mixer Pump System have not been identified at this time. 

4.1.6 System Control Features 

System control and monitoring features for the Mixer Pump System are described in W-521-SDD-04, 
Retrieval Control System Design Description. 
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4.1.6.1 System Monitoring 

The Mixer Pump System includes sensordinstrumentation to provide remote readout of the following 
parameters: bearing temperature, pump vibration, motor stator winding temperature, turntable rotation 
and orientation, discharge nozzle pressure, sweep speed, revolutions per minute, and motor amperage. 
The DST Monitoring and Retrieval Control System will provide remote readout above the system 
parameters. 

Most mixer pump control capabilities will be performed from the mixer pump control area (ICE 
Building) for the applicable tank farm. The DST Monitoring and Retrieval Control System will provide 
for remote-local control of mixer pump speed and turntable speed and direction of rotation. 

4.1.6.2 Automatic and Manual Actions 

The Mixer Pump System is operated, started and stopped manually from the remote mixer pump control 
area. Vertical indexing system for Type 3 pumps is accomplished with clamshell-type spacers at the 
pump location. 

4.1.6.3 Setpoints and Ranges 

Setpoints and ranges for the Mixer Pump System have not been identified. 

4.1.6.4 Interlocks, Bypasses and Permissives 

The DST Monitoring and Retrieval Control System provides mixer pump shutdown interlocks. 
Interlocks are provided for primary tank vapor space high pressure, waste high temperature, and high 
flammable gas concentration. 

4.2 Operations 

The WFD Operations and Maintenance (O&M) Philosophy provides the project with constraints and 
guidance on system operations and developing operations procedures. The O&M Philosophy and the 
WFD O&M Concept (HNF-1939) are the primary bases for developing the Project Operations Plan. 
System design and operation is optimized to support availability, reliability, and accommodate parallel 
processes where appropriate. Most of the concepts in the 0 & M  Philosophy are related to keeping the 
WFD systems operating while supplying feed to the WTF and minimizing the shutdown time necessary 
for maintenance and repairs. 

Prior to the initial system startup, readiness to start-up will be verified to meet the intent and 
requirements of the RPP procedure for facilities startup and readiness, RPP-PRO-55 “Facilities Start-up 
Readiness” which implements US. Department of Energy (DOE) Order 425.1, Startup and Restart, of 
Nuclear Facilities. The level and type of review will be conducted at the lowest practical level 
commensurate with the project safety risk. 
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4.2.1 Initial Configuration (Pre-Startup) 

Prior to system startup, the system will be configured such that only those valves, breakers and switches 
necessary to ensure a safe shutdown condition will require realignment. Operators in the field and in the 
control area should have the least number of components to reconfigure as possible. This reduces the 
likelihood that a critical component will be placed or remain in an improper position. Prior to each 
system startup, a thorough, step-by-step procedure will be used to place the system in the proper 
configuration for startup. This procedure will incorporate independent verification steps for all critical 
steps. 

The mixer pump systems require qualified operators to perform initial valve, switch, and breaker line- 
ups in accordance with approved operating procedures prior to the start of each mixing operation. 
Where appropriate, remote position indicators will be used to provide critical information to the operator 
and provide input into the monitoring and control system. 

4.2.2 System Start-up 

Using the approved startup procedure, operators will start the system using the local-remote HMI from 
the ICE Building. The system is not designed to be started or operated from the field since all required 
parameters are not available for monitoring. It is only after all of the system parameters reach steady 
state conditions that the operators will return to a routine monitoring mode. 

4.2.3 Normal Operations 

An overview of normal mixer pump operations is provided in Section 4.1.4. After all equipment 
parameters reach steady state conditions, the operators will perform routine monitoring. Routine 
monitoring consists of recording parameters on data sheets periodically while being constantly alert for 
incoming alarms and other off-normal conditions. 

Once the line-ups are complete, the control and operation of the mixer pumps will take place from a 
local-remote monitoring and control station. All critical parameters and their associated alarms will be 
monitored from this central location. Certain alarms and conditions will require qualified operators to 
go to the field for investigation. The majority of mixer pump starting and stopping will be performed by 
operators from a local-remote monitoring and control station. Critical operating parameters that could 
cause damage if limits are exceeded will provide alarms prior to exceeding these limits in order to allow 
the operators to take corrective action before the equipment shuts down automatically. 

4.2.4 Off-Normal Operations 

Off-normal operations will be covered in the applicable operating and emergency response procedures. 
Generally, the response to any off-normal situation will be to place the system in a safe, shutdown 
condition if initial operator response does not mitigate the situation. The on-duty operators may perform 
this shutdown in a controlled manner manually from the control area, or it may occur automatically, 
depending on the speed necessary to place the system in a safe condition. 
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4.2.5 System Shutdown 

The mixer pump system will normally be shutdown from the control area. The system will be placed in 
such a condition so as to facilitate future startups while maintaining the facility in a stable shutdown 
status. After normal pump operations, a system flush (pump cavity, etc) will be performed to reduce the 
likelihood of waste from hardening in the pump intemals. 

4.2.6 

Safety management programs and administrative controls specific to the Mixer Pump System have not 
been identified. Mixer pump installation or initial mixer pump operation may induce a waste rollover in 
the tank, as a result of gas release event (GRJ?). An administrative control may have to be developed to 
mitigate or eliminate the risk associated with a mixer pump induced GRJ?. 

4.3 Testing and Maintenance 

4.3.1 Temporary Configurations 

There are no temporary configurations identified for the mixer pump system. 

4.3.2 TSR-Required Surveillance 

No TSR related surveillances are identified at this time for waste feed delivery mixer pump systems. 

4.3.3 NOD-TSR Inspections and Testing 

Specific non-TSR inspections and testing for the Mixer Pump System have not been identified. 
However, appropriate preventive and predictive maintenance will be performed to maintain the 
equipment in a satisfactory condition throughout the design life. Programs for exercising the mixer 
pump moving parts shall be implemented for long-term shutdown of the system to prevent binding. 
This could be done manually or by “bumping” the motors periodically. Flushing of the pump intemals 
shall be performed regularly. 

4.3.4 Maintenance 

4.3.4.1 Post Maintenance Testing 

Safety Management Programs and Administrative Controls 

Specific post maintenance testing activities for the Mixer Pump System have not been identified. 
However, post maintenance testing will be conducted to ensure maintenance is properly performed, the 
identifiedoriginal deficiency is corrected, and the equipment is restored to an operational status. Post 
maintenance testing will be performed and documented in accordance with HNF-IP-0842, Volume V, 
Section 7.2 “Post Maintenance Testing” and HNF-IF’-0842, Volume IV, Section 4.28 “Testing Practices 
Requirements.” 
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1.3.4.2 Post-Modification Testing 

Specific post modification testing activities for the Mixer Pump System have not been identified. 
lowever, post modification testing will be essentially the same as post maintenance testing. Post 
nodification testing is performed in accordance with the same guiding documents used for post 
naintenance testing. 
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1.0 INTRODUCTION 

This Preliminary System Design Description (SDD) establishes the performance requirements and 
provides references to the requisite codes and standards to be utilized during definitive design for the 
Phase I Waste Feed Delivery System Project, W-521. It also identifies the system configuration to the 
extent defined by the advanced conceptual design. 

1.1 System Identification 

The W-521 Retrieval Control System (RCS) is a sub-system of the Double-Shell Tank (DST) Monitor 
and Control System. The W-211 RCS and W-314 Master Pump Shutdown (MPS) system are also sub- 
systems of the DST Monitor and Control System, and will interface and be compatible with the W-521 
RCS. The W-314 MPS system is also referred to as the W-314 Monitor and Control System (MCS). 

1.1.1 W-521 RCS 

The Scope of the W-521 RCS is to support the waste mobilization retrieval and transfer activities in the 
following tanks: 

241-SY-101, 102, 103 
241-AW-101, 103,104 
241-AY-101,102 

W-521 is also installing Diluent and Flush Systems at 241-AW and 241-SY that will interface with the 
W-521 RCS. 

The W-52 1 RCS is comprised of distributed Programmable Logic Controllers (PLCs), Human-Machine 
Interfaces (HMIs), and instrumentation. 

1.2 Limitations 

This SDD revision was prepared in conjunction with the Advanced Conceptual Design (ACD) Phase of 
the WFDS Project W-521. Many of the sections contain information that is preliminary and conceptual 
in nature. This SDD will be a living document throughout the design phases of W-521, and will become 
more detailed as the design progresses through Definitive Design. 

1.3 Ownership 

rhis SDD is owned by the System Engineer responsible for WBS 1.2.4. 

1.4 Definitions 

General Service (GS) SSC - Structures, systems, or components (SSCs) not classified as either Safety 
Class or Safety Significant. 
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Physically Connected - Refers only to piping, tanks, and structures and their associated 
instrumentation. 

Physically connected piping is any piping that is part of or connected to the transfer route. 
Piping need not be considered connected to the transfer route if it is physically disconnected as 
described below. 

An air gap (e.g., removal of piping, transfer jumper) is considered to physically disconnect 
piping on either side of the air gap; or 
A blind flange/process blank in the transfer route is considered to physically disconnect 
piping on either side of the blind flange or process blank; or 
An operable service water pressure detection system is considered to physically disconnect 
piping downstream of the first or second closed isolation valve of the detection system that is 
downstream of the source of pressurized WASTE, depending on how the system pressure 
boundary integrity is tested (see HNF-SD-WM-SAR-067, Chapter 4.0); or 
An OPERABLE backflow prevention system in the 204-AR Waste Unloading Facility is 
considered to physically disconnect piping downstream of the second isolation valve that is 
downstream of the source of pressurized WASTE; or 
Two Safety - Significant isolation valves, INDEPENDENTLY VERIFIED to be in the 
closed position, are considered to physically disconnect piping on the downstream side of the 
second closed isolation valve that is downstream of the source of pressurized waste. 

(Note: Closed valves that are not designated as Safety-Significant do not physically 
disconnect piping from the transfer route). 

The East/West cross-site transfer line and replacement cross-site transfer lines are considered 
PHYSICALLY CONNECTED piping only when cross-site WASTE transfers are in progress. 
The EastWest cross-site transfer line is the piping between 241-UX-154 diversion box and 241- 
ER-151 diversion box. The replacement cross-site transfer line is the piping between 241-SY-A 
and 241-SY-B valve pits and the 244-A lift station. 

PHYSICALLY CONNECTED structures are those structures through which PHYSICALLY 
CONNECTED piping runs, or structures that could be subject to leakage from PHYSICALLY 
CONNECTED piping. 

PHYSICALLY CONNECTED tanks are those tanks connected to the transfer route, those tanks 
connected to the PHYSICALLY CONNECTED piping, and those tanks designed to receive 
leakage from PHYSICALLY CONNECTED piping through a drain path. 

IPP Design Authority - A person qualified in the practice of engineering with four years demonstrated 
ob related experience including two years in their specific functional areas. For nuclear structures, 
iystems, or components, they shall have at least one-year nuclear experience. 
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Safety Class (SC) SSC -An SSC that prevents or mitigates releases to the public that would othenvise 
exceed the offsite radiological risk guidelines, or to prevent a nuclear criticality. Those SSCs that 
support the safety function of a SC SSC may also be SC. 

Safety Significant SSC - An SSC that prevents or mitigates releases of radiological materials to onsite 
workers and toxic chemicals to the offsite public and onsite workers. SS also describes worker safety 
SSCs that protect the facility worker from serious injury (or fatality) from hazards not controlled by 
institutional safety programs. Those SSCs that support the safety function of an SS SSC are also SS. 

Shall -Denotes a requirement. 

Shall Consider - Requires that an objective assessment be performed to determine to what extent the 
specific factor, criterion, guideline, standard, etc., will be incorporated into or satisfied by the design. 
The results and basis of this assessment shall be documented. Such documentation shall be retrievable 
and can be in the form of engineering studies, meeting minutes, reports, internal memoranda, etc. 

Should - Denotes a recommendation. If a “should” requirement cannot be satisfied, justification of an 
alternative design shall be submitted to the Design Authority for approval. 

rank Opening - Tank risers and pits with an open path to the tank. 

To be determined (TBD) - A study andor calculation needs to be performed in order to provide a 
sufficient technical basis for the requirement. 

To be refined (TBR) - A “soft” basis for the requirement has been identified. However, a further study 
mdor  calculation need to be performed in order to solidify the requirement’s technical basis. 

Transfer-Associated Structure - Pump pits, valve pits, diversion boxes, or cleanout boxes. 

2.0 GENERAL OVERVIEW 

2.1 System Functions 

The W-521 RCS provides monitoring and control systems and components necessary to assure that the 
Functions of the Waste Feed Delivery Systems associated with W-521 Scope can be accomplished in 
iccordance with all applicable requirements. 

2.2 System Classification 

The W-521 RCS and instrumentation associated with it is classified general service with the following 
:xceptions. Project W-521 is installing SS pit leak detectors and pressure switches that will be 
iardwired to the SS portion of the new M P S  W-314 System. These SS instruments provided by W-521 
ire part of the MPS System, and will detect the presence of waste in the pit or sense increase in pressure 
letween the transfer piping and flushing system to shutdown transfer pumps. 
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The temperature probe assemblies used for monitoring tank waste temperatures are classified as SS. 
New temperature probes will be connected to Tank Monitoring and Control System (TMACS). 
rMACS is a safety-significant system. 

2.3 Basic Operational Overview 

The W-521 RCS will provide operations with the capability to monitor and control equipment from a 
ocal-remote HMI. The HMI is a personal computer running a graphical interface program that will be 
:onfigured to handle most monitors and control activities specific to a Tank Farm. 

The HMI is located near the tank farm in an Instrument, Controls and Electrical (ICE) building. The W- 
521 RCS will send data via Tank Farm Local Area Network (TFLAN) to a Central Monitoring Station 
:CMS) for remote monitoring. The CMS is part of the Master Monitor and Control System. 

5.0 REQUIREMENTS AND BASIS 

3.1 General Requirements 

rhis section identifies the general requirements for the W-521 RCS and basis for these requirements. 

5.1.1 System Functional Requirements 

The System Functional Requirements are primarily derived from: 

Interface Control documents, WTF-5193-ID-19, and WTF-5 193-ID-20. 

Waste Feed Delivery Technical Basis, HNF-1939, Rev. OA. 

Double-Shell Tank Monitor and Control Subsystem Specification, HNF-4155, Rev.1 
(DRAFT). 

Note: A review of the latest HNF-4155, Rev. 0, Double-Shell Tank Monitor and Control 
Subsystem Specification, was performed in order to determine any new requirements for 
instrumentation, monitoring and control. 

A new revision of HNF-4155 Rev.1, (DRAFT) was being circulated for final approval during the 
completion of the advanced conceptual design phase. It was decided during the advanced 
conceptual that the HNF-4155, Rev.] (DRAFT) contained the necessary refinement and 
additional detail to more effectively support the advanced conceptual design effort. 

Double-Shell Tank Transfer Valving Subsystem Specification, HNF-4160, Rev. 0. 

Double-Shell Tank Transfer Piping Subsystem Piping Specification, HNF-4161, Rev. 0. 
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Operations and Maintenance Philosophy, HNF-4553, Rev. 0. 

High-Level Waste Feed Process Control Strategy, HNF-5145, Rev. 0. 

River Protection Project Functions and Requirements Tank Farms Monitoring and Control 
Systems (Draft). 

General Monitor and Control System 1.1.1 

Reauirement: Systems shall have the capability to be started and shut down locally. This 
requirement is intended to provide operations with an additional degree of freedom to operate a 
given system. 

B d :  Operations and Maintenance Philosophy, HNF-4553, Rev. 0, Section 2.0. 

Reauirement: Capability shall be provided to monitor and control retrieval operations from a 
local-remote station. A local-remote station is defined as a HMI usually located just outside the 
tank farm in an ICE building or an existing instrument building. 

&&&: Operations and Maintenance Philosophy, HNF-4553, Rev. 0, Section 2.0. 

Reauirement: Remote Central Monitoring capability shall be located in the 200 East Area and 
shall provide a view of the integrated transfer system that includes transfer routing, leak 
detectors, all interconnected tank levels, critical system status, and process control parameters. 
The requirement for the W-521 RCS is to send Waste Feed Delivery (WFD) related data to a 
Remote CMS. 

B&: Operations and Maintenance Philosophy, HNF-4553, Rev. 0, Section 2.1.1. 

Reauirement: The control system shall have the capability to bypass all alarms and interlocks. 
The control system design shall also incorporate an appropriate level of administrative control. 

&&&: River Protection Project Functions and Requirements Tank Farms Monitoring and 
Control Systems (Draji). 

L.1.Z Mixer Pump 

Reauirement: Mixer pump operation is monitored to ensure proper operation and mechanical 
integrity of the pump, to prevent premature pump failure and to limit impingement on other in- 
tank equipment. Measured parameters will be used to detect mixer pump cavitation, plugged 
outlet nozzles, pump drive problems, and low seal- or bearing-water-supply. 

m: High-Activity Waste Process Control Strategv, HNF-5145. Rev. 0, Section 3.2.3.1. 

~~ 
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Requirement: If actual (in-tank) component deflections exceed allowable values, mixer pump 
operations may have to be altered. Options for mixer pump operation include running one pump 
instead of two, indexing the pump so that the jet does not impinge directly on the component, 
running the pump only in the fixed mode, or reducing the pump speed while passing the 
component. 

Basis: High-Level Waste Feed Delivery Process Control Strategy, HNF 5145, Rev. 1. 
Section 3.2.3.2. 

Requirement: The DST Monitor and Control Subsystem monitors mixer-pump operational 
parameters such as pump motor power draw; pump rotational speed; pump bearing and motor 
winding temperature; pump seal water flow; pump vibration; and pump nozzle pressure, 
position, and rotation speed. 

&&: Double-Shell Tank Monitor and Control Subsystem Specification, HNF-4155, Rev I ,  
(DRAFT) Sections 3.1.2.1.7. 

Requirement: The DST Monitor and Control Subsystem shall respond to off-noma1 DST Tank 
Temperature. The following equipment will be automatically shut down upon detection of high 
waste temperature in a waste tank: 

Mixerpumps 

Transfer Pump 

Basis: Double-Shell Tank Monitor and Control Subsystem Specification. HNF-4155, Rev 
I ,  (DRAFT) Section 3.2.1.2.6. 

Requirement: The DST Monitor and Control Subsystem shall respond to off-noma1 ventilation 
system data. The following equipment shall be automatically shutdown upon detection of low- 
low vacuum in tank dome vapor space. 

Mixerpumps 

Transfer Pump 

Basis: Double-Shell Tank Monitor and Control Subsystem Specificati?, HNF-4155, Rev I 
(DRAFT), Section 3.2.1.5.5. 

Reauirement: The DST Monitor and Control Subsystem shall transmit operate mixer pump 
command as a control signal input for initiating, modifying, or halting the mixer pump operation. 
This function is provided to the Receive Operate Mixer Pump Command function. All pump 
autohanual, odoff, and stadstop selections and indications will be provided to the monitoring 
system. 
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Basis: Double-Shell Tank Monitor and Control Subsystem Specification, HNF-4155. Rev I ,  
(DRAFT), Section 3.2.1.21.1. 

Requirement: DST Monitor and Control Subsystem shall receive data from the Transmit Mixel 
Pump Operation Data function. Instrumentation shall provide the following monitoring and 
control functions for the mixer pump: motor speed and amperage, motor bearing temperature, 
motor stator winding temperature, turntable rotation and orientation, pump vibration, and nozzle 
discharge pressure. 

Basis: Double-Shell Tank Monitor and Control Subsystem Specification. HNF-4155, Rev 1, 
(DRAFT), Section 3.2.1.22.1. 

Requirement: DST Monitor and Control Subsystem shall compare mixer pump operational 
parameters with operational limits. Interlocks will be provided to prevent equipment damage or 
harm to the environment or personnel (this implies that a pump parameter is compared with an 
operational limit). The interlocks are: 

Motor Vibration (High-High) 

Motor Current (High-High) 

Motor Winding Temperature (High-High) 

m: Double-Shell Tank Monitor and Control Subsystem Specification. HNF-4155, Rev 
I(DRAFT), Section 3.2.1.22.2. 

Requirement: The DST Monitor and Control Subsystem shall provide on-line historical and 
real-time trending (recording) of process parameters with report capability for a period of one 
week. Recorded parameters are: 

Motor Pump Speed 

Mixer Pump Current 

m: Double-Shell Tank Monitor and Control Subsystem Specification, HNF-4155, Rev I ,  
(DRAFT), Section 3.2.1.22.3. 

Requirement: The DST Monitor and Control Subsystem shall provide indication of monitored 
parameters. Ranges and resolution <TBD>. 

Motor Upper and Lower Bearing Temperature (High-High) 
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Basis: Double-Shell Tank Monitor and Control Subsystem Specification, HNF-4155, Rev I ,  
(DRAFT), Section 3.2.1.22.4. 

Requirement: DST Monitor and Control Subsystem shall respond to off-normal mixer pump 
operational parameter by providing mixer pump shutdown interlocks. Shut down mixer pump 
for the following reasons: 

Motor Vibration (High-High) 

Motor current (High-High) 

Motor winding temperature (High-High) 

Bearing temperature (High-High) 

Off-normal values <TBD>. 

&&: Double-Shell Tank Monitor and Control Subsystem Specification, HNF-4155, Rev 1. 
(DRAFT), Section 3.2.1.22.5. 

:. 

i.1.1.3 Transfer Pump 

Requirement: For transfer pump control requirements in response to off-noma1 ventilation 
system data, see Section 3.1.1.2.e. 

Reauirement: The pump will be driven by an electric motor controlled by a VFD. The VFD 
controls pump-rotation speed and reports pump rotation speed and amperage to the control 
building. Pump speed and motor amperage will be used in conjunction with other data such as 
flow to verify that the pump is operating properly and to evaluate whether the transfer is 
proceeding satisfactorily. 

B-: High-Activity Waste Process Control Strateg-y, HNF-5145. Rev. 0, Section 3.2.10.1. 

Requirement: WHC-SD-WM-DGS-006, Sections 4.2.2 and 4.6.5, establishes the bases for 
monitoring motor power draw and rotational speed. The basis for monitoring bearing and motor 
winding temperature is established in HNF-4553 and will be incorporated in the next revision of 
HNF-1939, VOl. IV. 

m: High-Activity Waste Process Control Strategy. HNF-5145. Rev. 0, Section 3.2.10.1 

Requirement: Transfer stream parameters are measured to detect impending transfer line 
plugging, a plugged pump inlet, higher-than-expected waste viscosity, or stream density that is 
outside the acceptable range. The system shall monitor the following parameters: 
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Transfer stream flow rate 

Transfer line pressure 

Transfer stream density (tentative) 

Transfer stream temperature (as a part of densitometer functionality). 

B&: High-Activity Waste Process Control Strategy, HNF-5145, Rev. 0, Section 3.2.10.4. 

Requirement: The DST Monitor and Control Subsystem monitor the transfer pump rotational 
speed, power consumption, and seal gas flow and pressure. The DST Monitor and Control 
Subsystem also provide manual/automatic control of the transfer pump flow and pressure. 

Basis: Double-Shell Tank Monitor and Control Subsystem Specification, HNF-4155. Rev I ,  
(DRAFT), Section 3.1.2.1.4. 

Requirement: The DST Monitor and Control Subsystem shall respond to off-normal DST Tank 
Level. The following equipment will be automatically shut down upon detection of High-High 
waste level in a waste tank: 

Mixerpumps 

Transfer Pump 

Basis: Double-Shell Tank Monitor and Control Subsystem Specification. HNF-4155, Rev 1. 
(DRAFT), Section 3.2.1.3.6. 

Requirement: The following equipment will be automatically shut down upon detection of 
Low-Low tank waste level: 

Close Caustic System Diluent outlet valve 

Mixerpumps 

Transfer Pump 

Basis: Double-Shell Tank Monitor and Control Subsystem Specification, HNF-4155, Rev I ,  
(DRAFT), Section 3.2.1.3.6. 

Requirement: The DST master pump shutdown system component of the DST Monitor and 
Control Subsystem shall receive a waste-backflow-detected indication from the Transmit Waste 
Backflow Detected function. The monitoring frequency of the leak detection system shall be 
continuous. 
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Basis: Double-Shell Tank Monitor and Control Subsystem Specification, HNF-4155, Rev I ,  
(DRAFT), Section 3.2.1.9.1. 

Reauirement: The DST Monitor and Control Subsystem shall transmit pump intake position 
command as a control signal for moving the transfer pump suction intake to the desired height 
within the DST. The output of this function is provided to the Receive Pump Intake Position 
Command function. The DST Monitor and Control Subsystem shall monitor and display the 
position of the suction bell by monitoring winch cable drum position. The DST Monitor and 
Control Subsystem also shall provide the capability to raise the suction bell to its uppermost 
position and hold it there while the mixer pump is operating. 

Basis: Double-Shell Tank Monitor and Control Subsystem Specification, HNF-4155, Rev I .  
(DRAFT), Section 3.2.1.10.1. 

Reauirement: DST Maintenance and Control Subsystem shall receive transfer pump suction 
intake position data from the Transmit Transfer Pump Suction Intake Position function. The DST 
Monitor and Control Subsystem will monitor and display the position of the suction bell by 
monitoring winch cable drum position. The DST Monitor and Control Subsystem also shall 
provide the capability to raise the suction bell to its uppermost position and hold it there while 
the mixer pump is operating. 

Basis: Double-Shell Tank Monitor and Control Subsystem Specification, HNF-4155, Rev I ,  
(DRAFT), Section 3.2.1.11. I .  

Reauirement: The DST Monitor and Control Subsystem shall compare the winch (suction) 
position with the tank level. The tank level must be a least 61-cm (24-in.) above the winch 
(suction) position. 

Basis: Double-Shell Tank Monitor and Control Subsystem Specification, HNF-4155, Rev 1, 
(DRAFT), Section 3.2.1.11.2. 

Reauirement: The DST Monitor and Control Subsystem shall display transfer pump suction 
intake position data. The nominal winch (suction) position will be shown on the overview and 
tank-specific screens. 

Basis: Double-Shell Tank Monitor and Control Subsystem Specification, HNF-415S, Rev I ,  
(DRAFT), Section 3.2.1.11.4. 

Range: 0 to 635 cm (0 to 250 in.) 

Resolution: 2.54 cm (1 in.) 
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n. 

7. 

I. 

Reauirement: The DST Monitor and Control Subsystem shall transmit operate transfer pump 
command as a control signal for initiating or halting the transfer pump operation or manually 
controlling pump speed to provide a desired flow or pressure. The output of this function is 
provided to the Receive Operate Transfer Pump Command function. The DST Monitor and 
Control Subsystem will provide pump auto/manual, ordoff and start/stop selections and 
indications. 

Basis: Double-Shell Tank Monitor and Control Subsystem Specification. HNF-4155, Rev1 
(DRAFT), Section 3.2. I. 12.1.  

Reauirement: The DST Monitor and Control Subsystem shall receive pump run status from the 
Transmit Transfer Pump Operation Data function. Instrumentation will provide the following 
transfer pump monitoring and control functions to the DST Monitor and Control Subsystem: 

Motor Speed 

Motor Amperage 

Motor Winding Temperature 

Seal Gas Flow 

Seal Gas Pressure 

Basis: Double-Shell Tank Monitor and Control Subsystem Specification, HNF-4155, Rev I ,  
(DRAFT), Section 3.2.1.13.1. 

Reauirement: DST Monitor and Control Subsystem shall compare transfer pump operational 
data to operational limits. Interlocks for the following parameters will be provided to prevent 
equipment damage or harm to the environment or personnel. 

Motor Amperage 

Seal Gas Flow 

Seal Gas Pressure 

Basis: Double-Shell Tank Monitor and Control Subsystem Specification, HNF-4155, Rev 
I (DRAFT), Section 3.2. I .I 3.2. 

Requirement: The DST Monitor and Control Subsystem shall record transfer pump operation 
data. The DST Monitor and Control Subsystem shall provide on-line historical and real-time 
trending (recording) of process parameters with report capability for a period of one week for: 
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I. 

MotorSpeed 

Motor Amperage 

Basis: Double-Shell Tank Monitor and Control Subsystem Specifcation, HNF-4155. Rev I ,  
(DRAFT), Section 3.2.1.13.3. 

Reauirement: The DST Monitor and Control Subsystem shall display transfer pump operation 
data received by the Receive Transfer Pump Operation Data function. The running status of 
waste transfer pumps shall be displayed at the waste transfer enunciator set of master pump 
shutdown system HMI graphical screens. 

Basis: Double-Shell Tank Monitor and Control Subsystem Specification, HNF-4155, Rev 1, 
(DRAFT), Section 3.2.1.13.4. 

Reauirement: The DST Monitor and Control Subsystem shall respond to abnormal pump 
operation. The DST Monitor and Control Subsystem shall shut down transfer pump on 
High-High motor current or High-High-motor winding temperature. Off-normal values are 
programmable by Systems Engineer. 

Basis: Double-Shell Tank Monitor and Control Subsystem Specification, HNF-4155, Rev 
I(DRAFT), Section 3.2.1.13.5. 

Reauirement: The DST Monitor and Control Subsystem shall receive waste transfer flow rate 
data from Transmit Waste Transfer Flow Rate function. The DST Transfer Valving Subsystem 
shall provide the capability to measure and transmit the waste flow rate at the transfer pump 
discharge. 

Basis: Double-SheN Tank Monitor and Control Subsystem Specification. HNF-4155. Rev I ,  
(DRAFT). Section 3.2.1.14.1. 

Reauirement: The DST Monitor and Control Subsystem shall compare waste transfer flow rate 
data received by the Receive Waste Transfer Flow Rate function to operational limits to initiate 
an alarm of off-normal flow and/or provide automatic flow control, as required. Monitoring and 
control of the waste transfer flow rate will be programmed into the PLC, including proportional, 
integral, and derivative (PID) algorithms. Flow rate (mass flow and volumetric flow) loop 
accuracy shall be 25 percent of process range. 

Motor Speed Range: 0 to 100% 

Motor Current Range: 0 to 100% 

Motor Winding Temperature Range: 0 to 204'C (0 to 400'F) 
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U. 

V. 

W. 

X. 

Y. 

2. 

Basis: Double-Shell Tank Monitor and Control Subsystem Specification. HNF-4155, Rev I ,  
(DRAFT), Section 3.2. I .  14.2. 

Reauirement: The DST Monitor and Control Subsystem shall record waste transfer flow data. 
The DST Monitor and Control Subsystem shall record transfer pump flow rate continuously 
(mass flow and volumetric flow). 

Basis: Double-Shell Tank Monitor and Control Subsystem Specijkation, HNF-4155. Rev 1. 
(DRAFT), Section 3.2.1.14.3. 

Reauirement: The DST Monitor and Control Subsystem shall display waste transfer flow rate 
received by the Receive Waste Transfer Flow Rate function. The dynamic process and 
equipment operating data associated with waste transfer routes shall be displayed on the waste 
transfer enunciator set of master pump shutdown machine interface graphical screens. Flow-rate 
range is 0- to 757 L h i n  (0- to 200 gal/min) <TBR>. 

Basis: Double-Shell Tank Monitor and Control Subsystem Specification, HNF-4155, Rev I .  
(DRAFT), Section 3.2. I .  14.4. 

Reauirement: The DST Monitor and Control Subsystem shall respond to abnormal waste 
transfer flow rate (TBR>. The transfer pump shall have a discharge flow low-low interlock. 
(Flow value <TBD>) 

Basis: Double-Shell Tank Monitor and Control Subsystem Specification. HNF-4155, Rev I ,  
(DRAFT), Section 3.2. I .  14.5. 

Reauirement: The DST Monitor and Control Subsystem shall receive transfer pump discharge 
pressure from the Transmit Transfer Pump Discharge Pressure Data function. The DST Transfer 
Valving Subsystem shall provide the capability to measure and transmit transfer pump discharge 
pressure. 

Basis: Double-Shell Tank Monitor and Control Subsystem Specification, HNF-4I55, Rev I ,  
(DRAFT), Section 3.2. I .  I5. I .  

Reauirement: The DST Monitor and Control Subsystem shall compare waste transfer pump 
discharge pressure data with operational limits. Pressure loop accuracy shall be 25 percent of 
process range. 

Basis: Double-Shell Tank Monitor and Control Subsystem Specifcation, HNF-4155, Rev I ,  
(DRAFV, Section 3.2. I .  15.2. 

Reauirement: The DST Monitor and Control Subsystem shall record transfer pump discharge 
pressure data. The DST Monitor and Control Subsystem shall continuously record transfer pump 
discharge pressure. 
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aa. 

bb. 

cc. 

dd. 

ee. 

ff. 

Basis: Double-Shell Tank Monitor and Control Subsystem Specification, HNF-4155. Rev I ,  
(DRAFT). Section 3.2.1.15.3. 

Reauirement: The DST Monitor and Control Subsystem shall display transfer pump discharge 
pressure data. The dynamic process and equipment operating data associated with waste transfer 
routes shall be displayed on the waste transfer enunciator set of master pump shutdown machine 
interface graphical screens. Pressure range is 0- to 5960 kF'a (0- to 850 lbf/in2) <TBD>. 

Basis: Double-Shell Tank Monitor and Control Subsystem Specification, HNF-4155, Rev I ,  
(DRAFT). Section 3.2.1.15.4. 

Reauirement: The DST Monitor and Control Subsystem shall respond to abnormal pump 
discharge pressure. The transfer pump shall have a discharge pressure High-High interlock. 
(Pressure value <TBD>). 

Basis: Double-Shell Tank Monitor and Control Subsystem Specification. HNF-4155, Rev 
I(DRAFT). Section 3.2.1.15.5. 

Reauirement: The DST Monitor and Control Subsystem shall receive the Waste Transfer 
Density/Temperature Data from the Transmit Waste Transfer Density/Temperature Data 
function. The DST Transfer Valving Subsystem shall provide the capability to measure and 
transmit waste density (and temperature) at the transfer pump discharge. 

Basis: Double-Shell Tank Monitor and Control Subsystem Specification. HNF-4155. Rev I .  
(DRAFT). Section 3.2.1.1 6.1. 

Requirement: The DST Monitor and Control Subsystem shall compare waste 
densityitemperature data with operational limits. Density shall have a loop accuracy of 
- +5 percent of process range. Temperature shall have a loop accuracy of t2 .8  "C e5 "F). 

Basis: Double-Shell Tank Monitor and Control Subsystem Specification. HNF-4155, Rev I ,  
(DRAFT), Section 3.2.1.16.2. 

Reauirement: The DST Monitor and Control Subsystem shall record waste density data 
received by the Receive Waste Transfer Densityrremperature Data function. The system shall 
continuously record density and temperature of waste being transferred. 

B& Double-Shell Tank Monitor and Control Subsystem Specificatioh, HNF-4155, Rev I ,  
(DRAFT), Section 3.2.1.16.3. 

Reauirement: The DST Monitor and Control Subsystem shall display waste 
density/temperature data. The dynamic analog data associated with waste transfer routes shall be 
displayed on the waste transfer annunciator set of master pump shutdown HMI graphical screens. 
Density range is 0.9000 to 1.5000 &m3 with an accuracy of 0.0005 p/cm3 <TBD>. 
Temperature range is -10 to 200 "C (14 to 392 OF) with an accuracy of L2.8 "C ( i 5  OF). 
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Basis: Double-Shell Tank Monitor and Control Subsystem Specrfkation. HNF-4155, Rev I ,  
(DRAFT), Section 3.2.1.16.4. 

Requirement: The DST Monitor and Control Subsystem shall respond to abnormal waste 
densitykmperature <TBD>. 

Basis: Double-Shell Tank Monitor and Control Subsystem Specrfication, HNF-4155, Rev 
](DRAFT), Section 3.2.1.16.5. 

gg. 

3.1.1.4 In-Tank Monitoring 

d. 

Requirement: The process control strategy for ensuring the integrity of in-tank components 
during mixer pump operations will be to monitor component deflections using a closed-circuit 
television, and to compare the readings to calculated values. 

m: High-Level Waste Feed Delively Process Control Straiegy, HNF-5145, Rev. 0, 
Section 3.2.3.2. 

Requirement: Instrumentation to measure sludge mobilization, blending, and suspension 
parameters, including the suspended solids profiler, gamma profiler, and ultrasonic interface 
level detector, will be tested in conjunction with mixer pump testing ("F-SD-WM-PTP-027, 
Mixer Pump Test Plan for Double-Shell Tank 241-AZ-101). Successful testing of these 
instruments may justify monitoring additional process control parameters. 

m: High-Level Waste Feed Delivery Process Control Strategy, HNF-5145, Rev. 0, 
Section 1.3. 

Requirement: Tank waste temperatures will be monitored to ensure that temperatures necessq  
for potential tank bumps and for organic salt-nitrate reactions to occur are not exceeded. If either 
of these limits is exceeded, action shall be taken to mitigate the cause of the temperature increase 
and to restore waste temperatures to within allowable limits. 

Basis: High-Level Waste Feed Delively Process Control Strategy, HNF-5145, Rev. 0, 
Section 3.2.2.3. 

Requirement: The DST Monitor and Control Subsystem shall receive tank structure 
temperature signals from the DST Confinement Subsystem. All tank bdtom insulating concrete 
thermocouple signals shall be received at the DST Monitor and Control Subsystem I/O as 
required, at a selectable poling rate, for tanks that contain sludge that is mobilized by mixer 
pumps. Tank dome, middle wall, and bottom wall structure thermocouple signals shall be 
received as required, at a selectable poling rate at the DST Monitor and Control Subsystem I/O. 

Basis: Double-Shell Tank Monitor and Control Subsystem Specification, HNF-4155, Rev I ,  
(DRAFT), Section 3.2.1.1.1. 
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D I. 

f. 

, >. 

1. 

Requirement: The DST Monitor and Control Subsystem shall compare tank bottom insulating 
concrete thermocouples to base line conditions to assess sludge mobilization and also compare 
other tank structure temperatures to operational limits. Tank bottom insulating concrete 
thermocouple data provides an indication of sludge mobilization when baseline temperature is 
compared to temperature after mixer pumps have been run (exempt from concrete temperature 
limits). 

Basis: Double-Shell Tank Monitor and Control Subsystem Specification, HNF-4155, Rev I ,  
(DRAFT), Section 3.2.1. I .2. 

Requirement: The temperature gradients of dome and wall concrete shall be 5 .72  O C/cm (35 " 
F/A) for AP, AW, AN, and SY tanks; and 5 .37  C/cm (1 8 'F/ft) for AY and AZ tanks. 

Basis: Double-Shell Tank Monitor and Control Subsystem Specification. HNF-4155. Rev I ,  
(DRAFT), Section 3.2.1.1.2. 

Requirement: The dome and wall temperature change shall be 5 5.6' C (10 OF) f l u  if the waste 
is < 57 "C (125 O F )  o r 5  11.2 "C  (20°F) ifthe wasteis? 57 "C (125 OF). 

Basis: Double-Shell Tank Monitor and Control Subsystem Specification, HNF-4155, Rev I ,  
(DRAFT), Section 3.2.1.1.2. 

Requirement: The DST Monitor and Control Subsystem shall record tank structural 
thermocouple data. The DST Monitor and Control Subsystem shall provide on-line historical 
and real-time trending of process parameters with report capability for a period of one week. 

Basis: Double-Shell Tank Monitor and Control Subsystem Specification, HNF-4155, Rev I ,  
(DRAFT), Section 3.2.1.1.3. 

Requirement: The DST Monitor and Control Subsystem shall display tank structural 
thermocouple data. The DST Monitor and Control Subsystem shall provide indication of 
monitored parameters [resolution .06 "C  (i . I  OF)]. 

Basis: Double-Shell Tank Monitor and Control Subsystem Specification, HNF-4155. Rev 
I (DRAFT), Section 3.2.1.1.4. 

Requirement: There are no automatic responses to off-normal DST Sthcture Temperature 
identified for the DST Monitor and Control Subsystem other than to provide audible and visual 
annunciation for all alarm conditions. 

Basis: Double-Shell Tank Monitor and Control Subsystem Specification, HNF-4155, Rev 1. 
(DRAFT), Section 3.2. I .  IS. 
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L. 

n. 

Requirement: The DST instrument and control component of the DST Monitor and Control 
Subsystem shall measure DST tank waste temperature. Temperature sensor probes: 

Range: 10 to 149 OC (50 to 300 OF) 

Loop Accuracy: i: 2.8 C (2 5 ' F) 

Basis: Double-Shell Tank Monitor and Control Subsystem Specification. HNF-4155. Rev 
I (DRAFT), Section 3.2.1.2.1. 

Requirement: The DST Monitor and Control Subsystem shall receive tank waste temperature 
data. DST Monitor and Control System shall receive DST Tank Waste Temperature from 
TMACS, at a selectable poling rate, via TFLAN for those temperature probes that are monitored 
by TMACS. 

Basis: Double-Shell Tank Monitor and Control Subsystem Specification. HNF-4155, Rev 1. 
(DRAFT). Section 3.2. I .  2.2. 

Requirement: DST Monitor and Control System shall receive DST Tank Waste Temperature 
continuously at DST Monitor and Control System local UO for those temperature probes that are 
not monitored by TMACS. 

Basis: Double-Shell Tank Moniior and Control Subsystem Specification, HNF-4155. Rev 1. 
(DRAFT). Section 3.2.1.2.2. 

Requirement: The DST Monitor and Control Subsystem shall compare tank waste temperature 
to operational limits and also control WFD processes. The waste temperature shall he either: 

- < 91 OC (195 OF) in all levels ofthe waste. 

- < 91 OC (195 O F )  in the top 4.6 meters (15 feet) of the waste 

- < 107 "C  (215 OF) in the waste below 4.6 meters (15 feet). 

OR 

AND 

Basis: Double-Shell Tank Monitor and Control Subsystem Specification. HNF-4155, Rev I ,  
(DRAFT), Section 3.2.1.2.3. 

Requirement: The DST Monitor and Control Subsystem shall record iank waste temperature. 
The DST Monitor and Control Subsystem shall provide on-line historical and real-time trending 
of process parameters with report capability for a period of one week. 

Basis: Double-Shell Tank Monitor and Control Subsystem Specification, HNF-4155. Rev I ,  
Section 3.2.1.2.4. 
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Reauirement: The DST Monitor and Control Subsystem shall display tank waste temperature. 
The DST Monitor and Control Subsystem shall provide indication of monitored parameters 
[resolution 2.06 OC (.I OF)]. 

Basis: Double-Shell Tank Monitor and Control Subsystem Specification. HNF-4155, Rev 1. 
(DRAFT), Section 3.2.1.2.5. 

Reauirement: For in-tank monitoring requirements related to off-normal DST temperature, see 
Section 3.1.1.2.d. 

Requirement: The DST instrument and control component of the DST Monitor and Control 
Subsystem shall measure DST tank waste level. Measurement Parameters: 

Range: 0- to 1072 cm (0- to 422 in.) AN, AP, AW, and SY tanks 

Range: 0- to 940 cm (0- to 370 in.) AY and AZ tanks 

Resolution: + 0.03 cm (0.1 in.) 

Loop accuracy: + 0.6 cm (1/4 in.) 

Basis: Double-Shell Tank Monitor and Control Subsystem Specification, HNF-4155, Rev I ,  
(DRAFT). Section 3.2.1.3.1. 

Requirement: The DST Monitor and Control Subsystem shall receive tank waste level data. 
DST Monitor and Control Subsystem shall receive DST Tank Waste Level from TMACS via 
TFLAN, at a selectable poling rate, for those level gauges that are monitored by TMACS. 

Basis: Double-Shell Tank Monitor and Control Subsystem Specification, HNF-4155, Rev I ,  
(DRAFT). Section 3.2.1.3.2. 

Requirement: DST Monitor and Control Subsystem shall receive DST Tank Waste Level 
directly at the DST Monitor and Control System local I/O for those level gauges that are not 
monitored by TMACS. 

Basis: Double-Shell Tank Monitor and Control Subsystem Specification, HNF-4155, Rev I ,  
(DRAFT), Section 3.2.1.3.2. 

Requirement: DST Monitor and Control Subsystem shall compare tank waste level to 
operational limits. Interlocks for High High and Low-Low waste level will be provided to 
prevent equipment damage or harm to the environment or personnel. Interlock values differ 
from tank to tank. 
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3.1.1.5 Diluent/Flush System 

V. 

i y .  

Basis: Double-Shell Tank Monitor and Control Subsystem Specification, HNF-4155. Rev 1, 
(DRAFT), Section 3.2.1.3.3. 

Requirement: The DST Monitor and Control Subsystem shall record tank waste level. The 
DST Monitor and Control Subsystem shall provide on-line historical and real-time trending of 
process parameters with report capability for a period of one week. 

Basis: Double-Shell Tank Monitor and Control Subsystem Specification, HNF-4155, Rev I ,  
(DRAFT), Section 3.2.1.3.4. 

Requirement: The DST Monitor and Control Subsystem shall display tank waste level. The 
DST Monitor and Control Subsystem shall provide indication of monitored parameters. 

Basis: Double-Shell Tank Monitor and Control Subsystem Specification, HNF-4155, Rev 
1 (DRAFT), Section 3.2.1.3.5. 

Requirement: The DST Monitor and Control System shall receive data from the DiluentlFlush 
Water System. The DST Monitor and Control Subsystem shall receive the following data from 
the DiluenWlush Water System. 

DiluentlFlush Water Temperature 

DiluentlFlush Water Pressure 

DiluentlFlush Water Flow 

DiluentlFlush Water Chemical Composition 

Basis: Double-Shell Tank Monitor and Control Subsystem Specification, HNF-4155. Rev I ,  
(DRAFT), Section 3.2.1.8.1. 

Requirement: The DST Monitor and Control Subsystem shall compare diluenb'flush water data 
with desired operating limits. The following parameters shall be compyed to desired operating 
limits: 

DiluentlFlush Water Temperature 

Diluent/Flush Water Pressure 

DiluentlFlush Water Flow 

DiluentlFlush Water Motor Operated Valve Position 
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I. 

DiluentiFlush Water Chemical Composition 

DiluentiFlush Water Valve Position 

Basis: Double-Shell Tank Monitor and Control Subsystem Specification, HNF-4155, Rev I ,  
(DRAFT), Section 3.2.1.8.2. 

Requirement: The DST Monitor and Control Subsystem shall record diluenb'flush water data. 
The DST Monitor and Control Subsystem shall provide on-line historical and real-time trending 
of process parameters with report capability for a period of one week. 

Basis: Double-Shell Tank Monitor and Control Subsystem Specification, HNF-4155, Rev I ,  
(DRAFT), Section 3.2.1.8.3. 

Requirement: The DST Monitor and Control Subsystem shall display diluenb'flush water data. 
The DST Monitor and Control Subsystem shall provide indication of monitored parameters. 

Basis: Double-Shell Tank Monitor and Control Subsystem Specification, HNF-4155, Rev I, 
(DRAFT), Section 3.2.1.8.4. 

Requirement: The DST Monitor and Control Subsystem shall respond to off-noma1 
diluentlflush water data. The DST Monitor and Control Subsystem shall place the DiluentFlush 
outlet valve to the waste tank into recirculation mode upon detection of the following: 

Master Pump Shutdown 

Operator -Initiated Shutdown 

Loss of 120 Vac power to Programmable Logic Controller Unintemptible Power Supply 

Waste Tank High-High Level 

Basis: Double-Shell Tank Monitor and Control Subsystem Specification, HNF-4155, Rev 1. 
(DRAFT), Section 3.2.1.8.5. 

Requirement: The DST Monitor and Control Subsystem shall place the DiluentiFlush tank 
isolation valve in the closed condition upon detection of the following: 

Master Pump Shutdown 

Operator -Initiated Shutdown 

Loss of 120 Vac power to Programmable Logic Controller Unintenuptible Power Supply 
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Basis: Double-Shell Tank Monitor and Control Subsystem Specijkation, HNF-4155, Rev I .  
(DRAFT), Section 3.2.1.8.5. 

Requirement: The DST Monitor and Control Subsystem shall provide data that will be used to 
perform material balance periodically during the waste transfer to determine that the amount of 
waste being delivered to the destination agrees with the amount of waste being removed from the 
source tank. Accuracy: k0.6 cm (+1/4 in.) in sending and receiving tank plus transfer line 
volume as applicable for tank level to tank level material balance. Accuracy: 25 percent of range 
for flow and F0.6 cm ( i l l 4  in.) for level for totalized flow to tank level comparison. 

Basis: Double-Shell Tank Monitor and Control Subsystem Specification, HNF-4155, Rev 
](DRAFT), Section 3.2.1.19. 

The DST Monitor and Control Subsystem shall receive Service Water Totalized Flow from the 
Transmit Service Water Totalized Flow function for those tank farms that provide service water 
transmitters. The service water usage shall be monitored every 24 hours. 

Basis: Double-Shell Tank Monitor and Control Subsystem Specification, HNF-4155, Rev I .  
(DRAFT), Section 3.2.1.23.1. 

The DST Monitor and Control Subsystem shall compare service water totalized flow with 
operational limits. Compare current totalizer value with previous value to verify that there has 
been no unaccounted for service water usage. 

Basis: Double-Shell Tank Monitor and Control Subsystem Specification. HNF-4155, Rev I ,  
(DRAFT), Section 3.2.1.23.2. 

The DST Monitor and Control Subsystem shall record Service Water Totalized Flow data. 
Service Water Totalized Flow must be recorded from monitoring period to monitoring period to 
provide data to perform a usage comparison. 

Basis: Double-Shell Tank Monitor and Control Subsystem Specification, HNF-4155, Rev I ,  
(DRAFT), Section 3.2.1.23.3. 

The DST Monitor and Control Subsystem shall display Service Water Totalized Flow. Non- 
resettable Service Water Totalized Flow shall be displayed on the HMI graphical screens to 
provide visual access to the remotely transmitted totalizer value. 

Basis: Double-Shell Tank Monitor and Control Subsystem Specijkation, HNF-4155, Rev 1. 
(DRAFT), Section 3.2.1.23.4. 
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3.1.1.6 Valve Control 

a. 

b. 

- ". 

i 

D I. 

f. 

3 

Requirement: For Caustic Valve Supply System control response to High-High waste level, see 
Section 3.1.1.3.f. 

Requirement: DST Monitor and Control Subsystem shall transmit motor-operated valve 
actuation control signal for remote control of valves in the transfer pump pits. This function 
transmits a control signal to the Receive Motor-Operated Valve Actuation function. All 
remote-controlled valve auto/manual and position selections and indications will be provided by 
the DST Monitor and Control Subsystem. 

B& Double-Shell Tank Monitor and Control Subsystem Specification, HNF-4155, Rev I ,  
(DRAFT). Section 3.2.1.6.1. 

Requirement: The DST master pump shutdown system component of the DST Monitor and 
Control Subsystem shall receive transfer valve position data from the Transmit Transfer Valve 
Position Data function. Project W-314 valve position sensors are connected to the DST master 
pump shutdown PLCs. 

Basis: Double-Shell Tank Monitor and Control Subsystem Specification. HNF-4155, Rev I ,  
(DRAFT), Section 3.2.1.7.1. 

Requirement: All remote-controlled valve auto/manual and position selections and indications 
will be provided at the DST retrieval control system component of the DST Monitor and Control 
Subsystem. 

Basis: Double-Shell Tank Monitor and Control Subsystem Specification, HNF-4155, Rev I ,  
(DRAFT), Section 3.2.1.7.1. 

Reauirement: The RCS shall compare transfer valve position data with the desired position for 
selected route. 

Basis: Good Engineering Practice. 

Requirement: The RCS shall record transfer valve position data. Provide prioritized, grouped, 
and time/date stamped alarm summary screen and event log. 

Basis: Good Engineering Practice. 

Requirement The RCS shall display transfer valve position data. Operational Requirements - 
shall be able to display the valve position graphically. 

Basis: Good Engineering Practice 
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h. Reauirement: The symbol for each open valve port will be green. The symbol each closed port 
will be white. When in transition, the valve symbols will be yellow. 

Basis: Double-Shell Tank Monitor and Control Subsystem Specification, HNF-4155, Rev I ,  
(DRAFT), Section 3.2.1.7.4. 

Reauirement: The status of the valve position switches, leak detectors, and radiation detectors 
are monitored continuously for off-normal conditions that, when detected, provide interlocks that 
do not allow a transfer to begin or that terminate an existing transfer. 

Basis: Double-Shell Tank Monitor and Control Subsystem Specification, HNF-4155, Rev 1. 
(DRAFT). Section 3.7.1. 

Reauirement: For DiluentFlush outlet valve response to off-normal diluentlflush water data, 
see Section 3.1.1.5.f. 

Reauirement: For interlocks involving the DiluentlFlush tank isolation valve, see Section 
3.1.1.4.5.e. 

1. 

i. 

k. 

3.1.1.7 Instrumentation 

Reauirement: The aging waste tanks contain several components that are supported from the 
tank dome and hang in the tank. These components include ALCs, dry wells, thermocouple 
assemblies, and a steam-coil assembly. Calculations and analyses have been performed to 
determine the loads imparted by the mixer pumps that these in-tank pumps could withstand. The 
calculations were performed based on assumed sludge buildup on the components and corrosion 
factors. To mitigate the risk of a component failing in the tank, it is required that the structural 
integrity of the in-tank components be monitored during mixer pump operations. 

m: High-Level Waste Feed Deliveiy Process Control Stratea, HNF-5145, Rev I ,  
Section 3.2.3.2. 

Reauirement: The low-point leak detector sensors shall be repairable or replaceable within 8 
hours (TBD>. Time to repair does not include preparatory work such as preparing procedures, 
staging personnel and equipment, or preparatory training. 

B&: Double-Shell Tank Transfer Valving Subsystem Specification, HNF-4160, Rev. 0, 
Section 3.2.4.h. 

Reauirement: Electrical materials and equipment shall be Underwriters Laboratories, Inc. 
(UL)- or factory material (FM)-tested, with label attached, for the purpose intended, whenever 
such products are available. Where there are no UL- or FM-listed products of the type, testing, 
and certification by another nationally recognized testing agency may be acceptable. Installation 
methods shall be in accordance with the manufacturer's instructions, with National Electrical 
Code, NFPA 70, and with other applicable requirements. 
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Basis: Double-Shell Tank Monitor and Control Subsystem SpeciJication, HNF-4155, Rev I ,  
(DRAFT), Section 3.3. I .  

Requirement: All equipment installed in areas in and around the tank that are subject to ignition 
controls shall be designed to meet the requirements of HNF-SD-WM-TSR-006, Section 5.10, 
“Ignition Controls.” Areas requiring controls are delineated in HNF-SD-WM-SAR-067, 
Appendix K. The Flammable Gas Equipment Advisory Board shall be consulted whenever the 
application or interpretation of the requirements is unclear. 

Basis: Double-Shell Tank Monitor and Control Subsystem Specification, HNF-4155. Rev I ,  
(DRAFT). Section 3.3.6.3. 

Reauirement: All components that may become contaminated with radioactive or other 
hazardous materials under normal or abnormal operating conditions shall be designed to 
incorporate measures to simplify future decontamination and decommissioning in accordance 
with DOE Order 6430.1A, Section 1300-11. 

Basis: Double-Shell Tank Monitor and Control Subsystem Specification. HNF-4155. Rev I ,  
(DRAFT), Section 3.3.8. 

Reauirement: Designs should simplify cut-up, dismantlement, removal, and packaging of 
contaminated components. 

Basis: Double-Shell Tank Monitor and Control Subsystem Specification. HNF-4155, Rev I ,  
(DRAFT), Section 3.3.8. 

3.1.1.8 Leak Detectors 

1. Requirement: Designs shall provide for the detection and isolation of electronic faults 
associated with valve position switches, pressure and flow elements, and leak detectors. 

m: Double-Shell Tank Transfer Valving Subsystem Specif cation, HNF-4160, Rev. 0, Section 
3.5. 1.g. 

3.1.1.9 Pit Leak Detectors 

1. Requirement: Transfer-associated structures, including clean-out boxis, shall have leak 
detectors placed at the lowest point of the structure such that a leak can be detected within 24 
hours. 

&&: Double-Shell Tank Transfer Valving Subsystem Specification. HNF-4160, Rev. 0, Section 
3.2.1.9.a. 
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). Requirement: A new pit leak-detector assembly and conductivity probe shall be designed and 
operated so that it will detect the failure of either the primary or secondary containment structure 
or the presence of any release of dangerous waste or accumulated liquid in the secondary 
containment system within 24 hours, or at the earliest practicable time, if the owner or operator 
can demonstrate to the department that existing detection technologies or site conditions will not 
allow detection of a release within 24 hours and if the Washington State Department of Ecology 
approved the deviation from the requirements specified above. 

m: Double-Shell Tank Transfer Vaking Subsystem Specification, HNF-4160, Rev. 0, Section 
3.2.1.9. b. 

. Requirement: The DST master pump shutdown system component of the DST Monitor and 
Control Subsystem shall transmit transfer-associated structure leak sensor data to Receive 
Transfer-Associated Structure Leak Data function. The leak detection system sensor shall be 
compatible with the DST Monitor and Control Subsystem and the master pump shutdown 
system. 

Basis: Double-Shell Tank Monitor and Control Subsystem Specification. HNF-4155, Rev I ,  
(DRAFT), Section 3.2.1.17.1. 

Requirement: The DST master pump shutdown system component of DST Monitor and 
Control Subsystem shall receive transfer-associated structure leak sensor data from Transmit 
Transfer-Associated Structure Leak Data function. The monitoring frequency of the pit leak 
detection system shall be continuous. 

Basis: Double-Shell Tank Monitor and Control Subsystem Specification, HNF-4155. Rev 1. 
(DRAFT), Section 3.2.1.1 7.2. 

Requirement: The DST master pump shutdown system component of the DST Monitor and 
Control Subsystem shall compare leak data to operating limits. The required response time of ... : 
pit leak detection system shall be instantaneous (less than or equal to 1 second). 

B& Double-Shell Tank Monitor and Control Subsystem Specification. HNF-4155. Rev I ,  
(DRAFT), Section 3.2.1.1 7.3. 

Requirement: The DST master pump shutdown system component of the DST Monitor and 
Control Subsystem shall display transfer associated structure leak sensor data. The DST master 
pump shutdown system shall be able to display graphically on the HMh the selected transfer 
routes (including status of inputloutput elements) in the waste transfer annunciator mode of 
operation. 

B A  Double-Shell Tank Monitor and Control Subsystem Specification, HNF-4155, Rev I ,  
(DRAFT), Section 3.2.1.1 7.5. 

I. 
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3.1.1.10 Encasement Leak Detectors 

a. 

b. 

C. 

d. 

3 _. 

Requirement: The leak detector sensor combined with the secondary confinement seal loop 
jumper (from the DST Transfer Valving Subsystem) shall be designed and operated such that it 
will detect the failure of the primary containment or the presence of any release of dangerous 
waste or accumulated liquid in the secondary containment system within 24 hours. The amount 
of anticipated leakage to actuate the leak detector shall be calculated during design of the system. 
The Washington State Department of Ecology, through the final status permitting process, may 
approve or disapprove the final system design. 

&&: Double-Shell Tank Transfer Piping Subsystem Specification, HNF-4161, Rev. 0, Section 
3.2.1.3.a. 

Resuirement: The DST master pump shutdown system component of the DST Monitor and 
Control Subsystem shall receive leak data from the Transmit Primary Confinement Piping Leak 
Detection Data function. The monitoring frequency of the low point leak detection system shall 
be continuous. 

Basis: Double-Shell Tank Monitor and Control Subsystem Specijkation, HNF-4155, Rev I ,  
(DRAFT), Section 3.2.1.18.2. 

Reauirement: DST Maintenance and Control Subsystem shall compare primary confinement 
piping leak data with operating limits. The required response time of the low point leak 
detection system shall be instantaneous (less than or equal to 1 second). 

Basis: Double-Shell Tank Monitor and Control Subsystem Specification, HNF-4155, Rev I ,  
(DRAFT), Section 3.2.1.18.3. 

Reauirement: The DST master pump system shutdown component of the DST Monitor and 
Control Subsystem shall display primary confinement piping leak detection data. The DST 
master pump shutdown system shall be able to display graphically on the HMIs the selected 
transfer routes (including status of inpuuoutput elements) in the waste transfer annunciator mode 
of operation. 

Basis: Double-Shell Tank Monitor and Control Subsystem Specification, HNF-4155, Rev I ,  
(DRAFT), Section 3.2.1.18.5. 

Requirement: The DST Monitor and Control Subsystem shall receive DST annulus primary 
leak data from TMACS via TFLAN for those tanks whose annuli are monitored by TMACS. 

B& Double-Shell Tank Monitor and Control Subsystem Specification, HNF-4155, Rev I ,  
(DRAFT). Section 3.2.1.4.2. 
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F. Requirement: The DST Monitor and Control Subsystem shall record DST annulus primary leak 
data. The DST Monitor and Control Subsystem shall provide on-line historical and real-time 
trending of process parameters with report capability for a period of one week. 

Basis: Double-Shell Tank Monitor and Control Subsystem Specification, HNF-4155, Rev I ,  
(DRAFT), Section 3.2.1.4.3. 

, Y Requirement: The DST Monitor and Control Subsystem shall provide indication of monitored 
parameters. 

Basis: Double-Shell Tank Monitor and Control Subsystem Specification, HNF-4155. Rev I ,  
(DRAFT), Section 3.2.1.4.4. 

Requirement: There are no automatic responses to Annulus Primary Leaks identified for the 
DST Monitor and Control Subsystem other than to provide an alarm in response to the Compare 
function. 

Basis: Double-Shell Tank Monitor and Control Subsystem Specifzcation, HNF-4155, Rev  I ,  
(DRAFT), Section 3.2.1.4.5. 

I. 

5.1.1.11 Ventilation 

I. Reouirement: The DST Monitor and Control Subsystem shall receive the following DST 
ventilation system data from TMACS via TFLAN for those ventilation parameters monitored by 
TMACS: 

Primary exhauster run status 

Annulus exhauster run status 

HEPA filter differential pressure 

Basis: Double-Shell Tank Moniior and Control Subsystem Specification, HNF-4155, Rev I ,  
(DRAFT). Section 3.2.1.5.1. 

Tank vapor space pressure (-6 to +4 inches of water) 

Annulus exhaust stack beta (CAM) continuous air monitor alarm status 

Primary exhaust stack beta CAM alarm status 

Standard hydrogen monitor system (SHMS) hydrogen concentration and alarm status 
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Reauirement: The DST Monitor and Control System shall receive DST ventilation system data 
directly at the DST Monitor and Control Subsystem local I/O for those ventilation parameters 
that are not monitored by TMACS. <TBD> 

Basis: Double-Shell Tank Monitor and Control Subsystem Specification, HNF-4155, Rev I ,  
(DRAFT), Section 3.2.1.5.1. 

Reauirement: The DST Monitor and Control Subsystem shall compare ventilation system 
parameters with the desired value or status. All ventilation parameters monitored by the DST 
Monitor and Control Subsystem except tank vapor space pressure are contact statuses from other 
equipment (The DST Monitor and Control Subsystem does not perform a comparison function). 
<TBD> 

Basis: Double-Shell Tank Monitor and Control Subsystem Specification, HNF-4155, Rev I ,  
(DRAFT), Section 3.2.1.5.2. 

Reauirement: Tank dome pressure shall be compared to operational limits. <TBD> 

Basis: Double-Shell Tank Monitor and Control Subsystem Specification, HNF-4155, Rev I ,  
(DRAFT), Section 3.2.1.5.2. 

Reauirement: The DST Monitor and Control Subsystem shall record DST ventilation system 
data. The DST Monitor and Control Subsystem shall provide on-line historical and real-time 
trending of process parameters with report capability for a period of one week. <TBD> 

Basis: Double-Shell Tank Monitor and Control Subsystem Specification, HNF-4155. Rev 1. 
(DRAFT), Section 3.2.1.5.3. 

Reauirement: The DST Monitor and Control Subsystem shall display tank ventilation system 
data. The DST Monitor and Control Subsystem shall provide indication of monitored 
parameters. <TBD> 

B& Double-Shell Tank Monitor and Control Subsystem Specification, HNF-4155. Rev 1, 
(DRAFT), Section 3.2.1.5.4. 

Reauirement: The DST Monitor and Control Subsystem shall respond to off-normal ventilation 
system data. The following equipment shall be automatically shutdown upon detection of low- 
low vacuum in tank dome vapor space. 

Mixerpumps 

Transfer Pump 

IND Team Page 28 

U-153 
~ . . ... _I- .- 



RF'P-7069, REVISION 0 

~ T R I E V A L  CONTROL SYSTEM 
iYSTEM DESIGN DESCRIPTION 

Report No. W-521-SDD-04, Rev. 2 
September 2000 

Basis: Double-Shell Tank Monitor and Control Subsystem Specification, HNF-4155, Rev 1. 
(DRAFT), Section 3.2.1.5.5. 

1.1.2 Subsystem and Major Components 

:he W-521 RCS is made up of four subsystems or major components: 

PLC 
HMI 
Instrumentation 
Data Communications 

1.1.3 Boundaries and Interface 

I. Requirement: Project W-521 requires close coordination with all ongoing projects and existing 
facilities/operations to provide a fully integrated system that meets the functional requirements of 
the Waste Feed Delivery (WFD) mission. Figure 3-1 shows key elements of these interfaces. 

B A :  Good engineering practice. 

Figure 3-1. Interfaces. 
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3.1.3.1 WTF Interface 

The requirements for the W-521IWTF interface are currently under development and are depicted in 
WTF-5193-ID-19 and WTF-5193-ID-20. 

a. Requirement: WTF will have the capability to shutdown WFD transfer pumps via a hardwired 
interlock connected to the new MPS system. 

B&: Interface Control Document, WTF-5193-ID-19, Section 2.0 

Reauirement: The WFD system will have the capability to shutdown the WTF transfer pumps 
via a hardwired interlock connected to the WTF Control System. 

&z&: Interface Control Document, WTF-5193-ID-19, Section 2.0. 

Requirement: Provide a data link between WFD control system and WTF control system to 
facilitate operation. 

&z&: Interface Control Document, WTF-5193-ID-19, Rev. 4. TBR 

h. 

c. 

3.1.3.2 

a. 

AW and SY Diluent Flush System Interface 

Requirement: The DST Monitor and Control Subsystem shall monitor (receive, compare, 
record, display, and control) the Diluent and Flush Water System to provide local-remote 
integrated monitoring and control of the system at the DST Monitor and Control Subsystem 
operator interface station. 

Basis: Double-Shell Tank Monitor and Control Subsystem Specification, HNF-4155, Rev I, 
(DRAFT), Section 3.2.1.8. 

3.1.3.3 W-211 Interface 

In general, there are not any requirements for the W-521 / W-211 interface specifically defined in design 
basis documents. The design however necessitates that these two projects interface to provide the best 
solution to monitor and control WFD equipment. The W-211 RCS is a sub-system of the DST Monitor 
and Control System. The W-211 RCS and W-521 RCS will interface via TFLAN. 

The scope of the W-211 RCS is to install new systems to support retrieval activities in the following 
tanks: 

241-AI'-102, 104 
241-AN-101, 102, 103, 104, 105, 107 
241-AZ-101,102 
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Title 
Radioactive haste Management, US. Department of Energy, 
Washington, D.C. 
General Design Criteria, US. Department of Energy, Washington, 
D.C. 
Hanford Site Radiological Control Manual (HSRCM-I), 
U.S. Department of Energy-Richland Operations Office, Richland, 
Washington. 
Resource Conservation and Recovery Act of 1976, 42 USC 6901. 
Occupational Radiation Protection, Code of Federal Regulation, 
dated 11/98, Washington, D.C. 

3.1.3.4 W-314 Interface 
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ASMEB31.3,1999 
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Title 
Standard Specifcation for HS-20, Highway Loading, American 
Association of State Highway and Transportation Officials. 
Process Piping, American Society of Mechanical Engineers, New York, 
New York. 
Non-Deshuctive €.ramination, American Society of Mechanical 

Report No. W-521-SDD-04, Rev. 2 
September 2000 

HNF-SD-WM-SEL-040, Rev. I ,  1998 

HNF-SD-WM-SP-012. Rev. 1, 1999 

Daniel Hanford, Richland, Washington. 
TWRS Facilip Sa/ety Equipment List, Lockheed Martin Hanford 
Corporation for Fluor Daniel Hanford, Richland, Washington. 
Operations and Utilization Plan, Numatec Hanford Corporation, 

I Engineers, New York, New York. 
1 Healing Boilers, American Society of Mechanical Engineers, New ASME B&PV, Section IV 

I Lockheed Martin Hanford Corporation and COGEMA Engineering 1 1 Corporation for Fluor Daniel Hanford, Richland, Washington. 
I System Specification for the DST System, COGEMA Engineering for HNF-SD-WM-TRD-007, Rev. E ! 

Draft, 1998 1 Fluor DanieiHanford, Richland, Washington. I 
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- 

Title 
Tank Waste Remediation System Technical Sa/ety Requirements, Fluor 
Daniel Hanford, Richland, Washington. 
Control of External Cowosian Engineers, Houston, Texas. 
Natural Phenomena Hazards, Hanford Site, Washington, Numatec 

.- 

- 

e 

3.1.5 

a. 

3.2 

3.2.1 

a. 

b. 

C. 

3.2.2 

a. 

I Hanford Corporation for Fluor Daniel Hanford, Richland, Washington. 
I Tank Farms Health and Safety Plan, Lockheed Martin Hanford WHC-SD-WM-HSP-002, Rev. 3A, 

1998 
HNF-S183, Rev 0, 1999 

I Corporation for Fluor Daniel Hanford, Richlsnd, Washmgton. 
I Tank Farms Radiological Control Manual, Fluor Daniel Hanford, 

Operability 

Requirement: Retrieval operations will only be manned during retrieval activities. Operations 
shall be controlled at remote-local stations separate fiom the Central Monitoring Station. 

m: Operations and Maintenance Philosophy, HNF-4553, Rev. 0, Section 2.2. 

Special Requirements 

Radiation and Other Hazards 

Requirement: Radiation resistance requirements shall be as defined on the Master Equipment 
List. 

m: DOE Order 6430.1 A. 

Requirement: The subsystem components shall be designed to perform their intended function 
in the chemical environment defined in Estimated Maximum Concentration of Radionuclides and 
Chemical Analytes in Phase I and Phase 2 Transfers, HNF-2937. 

Basis: Double-Shell Tank Monitor and Control Subsysiem Specification, HNF-4155, Rev I ,  
(DRAFT), Section 3.2.5.2.1. 

Requirement: Components in contact with the waste shall be designed for the 1,000 radh 
radiation environment for direct contact with tank waste as defined in Esfimated Dose to In-Tank 
Equipment and Ground-Level Transfer Equipment During Privatization, HNF-2004. 

Basis: Double-Shell Tank Monitor and Control Subsystem Spec$cation. HNF-4155, Rev I ,  
(DRAFT), Section 3.2.5.2.2. 

As Low As Reasonably Achievable 

Requirement: Equipment and instruments requiring personnel access for periodic calibration or 
maintenance shall not be located beneath cover blocks or in areas where personnel exposures are 
not as low as reasonably achievable (ALARA). 
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Basis: Double-Shell Tank Monitor and Control Subsystem Specification. HNF-4155, Rev I ,  
(DRAFT), Section 3.2.4. 

Reauirement: Instrument isolation valves for instrument sensor isolation and equalization shall 
be located outside of the primary transfer-associated structures. 

Basis: Double-Shell Tank Monitor and Control Subsystem Specification. HNF-4155, Rev 1, 
(DRAFT), Section 3.2.4. 

Reauirement: The DST Monitor and Control Subsystem shall be designed to keep personnel 
exposures as low as reasonably achievable (ALARA) in accordance with Radiological Design 
Review Process, RPP-PRO-1622, and ALARA Decision-Making Methods, RPP-PRO-1621. 

Basis: Double-Shell Tank Monitor and Control Subsystem Specification, HNF-4155, Rev 1. 
(DRAFT), Section 3.3.6. I .  

3.2.3 Nuclear Criticality Safety 

Nuclear criticality is not applicable to the RCS System. 

3.2.4 Industrial Hazards 

b. 

c. 

a. Reauirement: The subsystem shall incorporate design features that comply with the 
requirements of Tank Farms Health and Safety Plan, HNF-SD-WM-HSP-002. 

Basis: Double-Shell Tank Monitor and Control Subsystem Specification, HNF-4155, Rev I, 
(DRAFT), Section 3.3.6.1. 

Reauirement: Warning and alarm systems shall be designed to ensure that they can be heard at 
the local noise levels of the area they are intended to cover. 

Bnsis: Double-Shell Tank Monitor and Control Subsystem Specification, HNF-4155, Rev I ,  
(DRAFT), Section 3.3.6.1. 

Operating Environment and Natural Phenomena 

Reauirement: The subsystem shall be designed for the natural environhental conditions 
specified in Natural Phenomena Hazards, Hanford Site, Washington, HNF-SD-GN-ER-501. 

Basis: Double-Shell Tank Monitor and Control Subsystem Specification. HNF-4155, Rev 1. 
(DRAFT), Section 3.2.5.1. 

Requirement: The subsystem shall be designed to withstand the natural phenomena hazards as 
specified in Engineering Design and Evaluation, RPP-PRO-097. 

b. 

3.2.5 

a. 

b. 
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Basis: Double-Shell Tank Monitor and Control Subsystem Specification, HNF-4155. Rev I ,  
(DRAFT). Section 3.2.5.1. 

Reauirement: The DST Monitor and Control Subsystem and components shall be designed in 
accordance with safety classifications. The safety classification shall be determined using the 
processes described in Safety Analysis and Technical Safety Requirements, RPP-PRO-700; 
Safety Analysis Process - Facility Change or Modijkation, RPP-PRO-702; Safety Analysis 
Process - New Project, RPP-PRO-703; and Hazard and Accident Analysis Process, 
RPP-PRO-704. Preliminary safety classifications area provided for reference in Appendix B. 

Basis: Double-Shell Tank Monitor and Control Subsystem Specification, HNF-4155, Rev I ,  
(DRAFT), Section 3.3.6.3. 

Reauirement: For requirements related to the installation of equipment in and around areas that 
are subject to ignition controls, see Section 3.1.1.7.d. 

c. 

d. 

3.2.6 Human Interface Requirements 

a. Reauirement: All permanently installed operator interface screens shall be sized such that they 
are readable from a distance of 1.52 m (5 ft) [suggest a minimum 53 cm (21 in.) diagonal 
measurement]. 

Basis: Double-Shell Tank Monitor and Control Subsystem Specijication. HNF-4155, Rev I ,  
(DRAFT), Section 3.2.2. 

Reauirement: The physical arrangement and location of controls, displays, and alarms on 
control panels and HMI displays shall provide for efficient use of controls and rapid and accurate 
viewing of the displays and shall be in-accordance with General Design Criteria, DOE Order 
6430.1A. 

Basis: Double-Shell Tank Monitor and Control Subsystem Specijkation, HNF-4155, Rev I ,  
(DRAFT). Section 3.2.2. 

Reauirement: The subsystem shall be designed for ease of operation. Subsystem design shall 
comply with DOE Order 6430.1A, Section 1300.12, “Human Factors Engineering.” 

Basis: Double-Shell Tank Monitor and Control Subsystem Specificatioh, HNF-4155. Rev I ,  
(DRAFT), Section 3.3.7. 

3.2.7 Specific Commitments 

There are no specific commitments identified at this time. 

b. 

c. 
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3.3 Engineering Disciplinary Requirements 

This section identifies requirements that are derived fiom considerations directly related to an 
engineering discipline. 

3.3.1 

a. 

b. 

3.3.2 

a. 

3.3.3 

Civil and Structural 

Requirement: Structural Engineering will evaluate and approve mounting of control system 
hardware. 

m: Good engineering practices. 

Requirement: The DST Monitor and Control Subsystem shall be designed to avoid damage to 
other components. All activities shall satisfy the tank dome loading requirements specified in 
HhF-SD-Wh4-TSR-006, Section 5.16. 

Basis: Double-Shell Tank Monitor and Control Subsystem Specification. HNF-4155, Rev I ,  
(DRAFT), Section 3.3.6.2. 

Mechanical and Materials 

Requirement: The construction specifications require that mechanical and material stress be 
considered for, instrument installations, control panels, racks, and junction boxes. In addition, it 
specifies that the working environment of the equipment be considered so that appropriate 
equipment can be selected for hazardous, wet, cold, or high heat environments. 

B&: DOE Order 6430. IA.  

Chemical and Process 

This section is not applicable to the RCS, and is covered under the other SDDs. 

3.3.4 Electrical Power 

a. Requirement: The DST Electrical Power Subsystem provides 120 V ac conditioned power to 
the DST Monitor and Control Subsystem. The DST Monitor and Control Subsystem monitors 
the 480 V ac bus to provide safe shutdown of components (using an unintenuptible power 
supply) if a power failure occurs. 

Basis: Double-Shell Tank Monitor arid Control Subsystem Specification, HNF-4155, Rev 1, 
(DRAFT), Section 3.1.2.1.10. 

3.3.5 Instrumentation and Control 

VIA 
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3.3.6 Computer Hardware and Software 

Reauirement: The DST Monitor and Control Subsystem design shall allow for the provision of 
spare or expandable inputioutput capability and the flexibility to change software to provide for 
future expansion. 

Basis: Double-Shell Tank Monitor and Control Subsystem Specification, HNF-4155, Rev I ,  
(DRAFT), Section 3.2.7. 

Reauirement: Procured software within the definitions of Computer S o f t a r e  Quality 
Assurance Requirements, RPP-PRO-309, shall be subject to the controls and documentation 
requirements listed in RPP-PRO-309, Section 2.3. 

Basis: Double-Shell Tank Monitor and Control Subsystem Specification, HNF-4155, Rev I, 
(DRAFT), Section 3.4. 

Reauirement: Software generated on site and within the definitions of RPP-PRO-309 shall be 
developed, verified and validated, meet the documentation requirements and be under the 
configuration management controls of RPP-PRO-309. 

Basis: Double-Shell Tank Monitor and Control Subsystem Specification, HNF-4155, Rev I ,  
(DRAFT). Section 3.4. 

Reauirement: Design verification shall be performed on the DST Monitor and Control 
Subsystem, as represented in design drawings, prototypes, engineering models, etc., for the 
purposes of verifying that the design meets the requirements of this specification. Design 
verification is subject to the procedure identified in Engineering Requirements, RPP-PRO-1819, 
Section 2.5.1. 

Basis: Double-Shell Tank Monitor and Control Subsystem Specification, HNF-4155, Rev I ,  
(DRAFT). Section 4.2. 

1.3.7 Fire Protection 

rhis section is not applicable to the RCS. 

3.4 Testing and Maintenance Requirements 

5.4.1 Testability 

1. Reauirement: All testing of equipment and instruments shall have the ability to be performed 
without having to have personnel access pits (other than with video cameras for leak tests) or 
without having to remove any equipment from the pit. Leak detectors and valve position 
indicators will be designed and installed to maintain remote testing capabilities. This is 
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4.2 

1.3 

'A 

1.4 

important from an ALARA standpoint and from a time to perform the task standpoint. Required 
tests must be able to be performed within their specified periodicity without impacting Waste 
Feed Delivery operations. This can only be accomplished by not having to remove the 
equipment and not having to perform pit entries. 

m: This requirement is per HNF-4553, Operations and Maintenance Philosophy, 
Section 7.4. 

Requirement: Leak detectors shall be capable of being functionally tested. 

m: Double-Shell Tank Transfer Piping Subsystem Specification, HNF-4161, Rev. 0, 
Section 3.5.1.d. 

Technical Safety Requirement-Required Surveillances 

Requirement: SR 3.1.3.1 (Perform FUNCTIONAL TEST on conductivity probe transfer leak 
detection systems) - Once within 92 days prior to removing an administrative lock from a 
PHYSICALLY CONNECTED WASTE transfer pump =once per 92 days thereafter. This 
SR applies if the requirement to monitor transfer line encasements for leakage during a transfer 
becomes a requirement of the RPP Authorization Basis. 

m: This requirement is per HNF-SD-WM-TSR-006, Rev. 1, Tank Waste Remediation 
System Technical Safety Requirements, Section 3.0. 

Non-TSR Inspections and Testing 

Maintenance 

Requirement: To the extent practical, RCS design shall be standardized to facilitate operations 
and maintenance. 

m: Operations and Maintenance Philosophy, HNF-4553, Rev. 0, Section 1.4 

Requirement: The maintainability guidance provided in Human Factors Design Guidelinesfor 
Maintainability ofDOE Nuclear Facilities, UCRL 15673, shall be considered during subsystem 
design. 

Basis: Double-Shell Tank Monitor and Control Subsystem SpeciJkation, HNF-4155, Rev I ,  
(DRAFT), Section 3.2.4. 

Requirement: Equipment and instruments requiring personnel access for periodic calibration or 
maintenance shall not be located beneath cover blocks or in areas where personnel exposures are 
not as low as reasonably achievable (ALARA). 
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d. 

e. 

f. 

3.5 

N/A 

3.5.1 

a. 

3.5.2 

NIA 

3.5.3 

a. 

Basis: Double-Shell Tank Monitor and Control Subsystem Specification, HNF-4155, Rev I ,  
(DRAFT), Section 3.2.4. 

Requirement: Instrument isolation valves for instrument sensor isolation and equalization shall 
be located outside of the primary transfer-associated structures. 

Basis: Double-Shell Tank Monitor and Control Subsystem Specification. HNF-4155. Rev I ,  
(DRAFT), Section 3.2.4. 

Requirement: Instrument components external to transfer-associated structures shall be 
designed for minimal contact maintenance and hands-on operation. 

Basis: Double-Shell Tank Monitor and Control Subsystem Specijication, HNF-4155, Rev I ,  
(DRAFT), Section 3.5.1. 

Requirement: All components requiring maintenance, calibration, or hands-on operation shall 
be located external to the pits. Transmitters for the liquid level, flow, and pressure shall be 
located external to the pits. 

Basis: Double-Shell Tank Monitor and Control Subsystem Specification, HNF-4155, Rev I ,  
(DRAFT), Section 3.5.1. 

Other Requirements 

Security and Special Nuclear Material Protection 

Requirement: Operator interface station and enginee-..ig workstations must maintain personnt 
access software so that the system will only allow certain log-in groups to perfom the desired 
functions. 

Basis: Double-Shell Tank Monitor and Control Subsystem Specification, HNF-4155, Rev 1. 
(DRAFT). Section 3.9. 

Special Installation Requirements 

Reliability, Availability, and Preferred Failure Modes 

Requirement: Instrumentation installed in Tank Farms systems will be exposed to high levels of 
radiation, caustic chemicals, extreme temperature ranges, and a wide range of elements and 
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conditions. These instruments should be standardized, rugged and have a history ofproven 
performance with minimal maintenance. 

w: Operations and Maintenance Philosophy, HNF-4553. Rev. 0, Section 5.2. 

3.5.4 Quality Assurance 

Quality Assurance requirements are identified in the Master Equipment List. 

3.5.5 

3. 

1.0 

Miscellaneous 

Reauirement: The subsystem shall label new equipment andor modifications to existing 
equipment in a standardized format in accordance with the tank farm Iabeling program as 
specified in RPP Administration, “Tank Farm Operations Equipment Labeling,” HNF-IP-0842, 
Volume 11, Section 6.1. Equipment identifiers within the HMI interface screens shall be 
consistent with the equipment label in the field. 

Basis: Double-Shell Tank Monitor and Control Subsystem Specification, HNF-4155, Rev I ,  
(DRAFT), Section 3.3.3. 

SYSTEM DESCRIPTION 

The system description and operations presented in this section discuss those system features that satisfy 
:he requirements of the WFD system. 

The configuration information section describes the RCS and the associated major components, 
boundaries and interfaces, physical location and layout, principles of operation, and reliability and 
:ontrol features. 

1.1 Configuration Information 

1.1.1 

1.1.1.1 Human Machine Interface 

The HMI will be an industrial personal computer running a graphical interfs 
:ontain graphical displays and control panels to monitor and control retrievz 

1.1.1.2 PLC 

Description of System, Subsystems, and Major Components 

program. The HMI will 
ctivities. 

The PLC and PLC program will be modularized to facilitate modifications and retesting efforts. 
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1.1.1.3 TFLAN 

The W-521 RCS will interface with the TFLAN. 

The TFLAN is planned to provide a high degree of flexibility to the DST Monitor and Control System. 
The W-521 RCS will have the capability to display all data that is available on TFLAN. 

The W-521 AY and AZ annulus ventilation PLCs, installed to support ventilation upgrades, will 
nterface with TFLAN. 

1.1.1.4 Instrumentation 

The instrumentation to support the WFD system is listed below. The detailed description of the 
nstrumentation will be completed in detailed design. 

Mag Flowmeter 

Pressure Switches 
Pressure Transmitter 
Valve Limit Switches 
Vibration Monitors 
Temperature Elements 
Temperature Transmitters 
Level Switches 
Motor Operated Valves (MOVs) 
Control Valves 
Control Panels 
Pressure Regulators 
Leak Detectors 
Closed Circuit Television (CCTV) 
CCTV Purge Controls 

Multi-variable Meter (density, flow, and temperature) 

Standard Hydrogen Monitoring System -E+, contact to indicate high hydrogen in stack 296- 

Replacement sample probe (nozzle) for existing 296-A-42 stack radionuclide monitor. Note 
that the rest of the existing monitor meets the requirements of section 3.1.1.8 

A-42 

1.1.1.5 CCTV 

The preferred or recommended alternative for applications longer than three weeks per year is the 441-1. 
)emanent camera system. For applications shorter than three weeks per year, the 4-in. MCCS is the 
zcommended system. Both of these systems have identified problems that should be addressed by the 
naintenance organization as necessary. It may be beneficial to prepare a specification for competitive 
)id where the proposals of two or more companies are assessed against the requirements. Any claimed 
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improvements must be clearly demonstrated by rigorous testing prior to installation in the tanks. 
However, this may ultimately be a more costly approach than continuing to work with the current 
vendor to make needed improvements, which should also be demonstrated by rigorous testing. 

It should also be noted, that although the 12-in. permanent camera was not evaluated further because it 
did not meet the requirement for use in a 4-in. riser, there may be occasions when this system can be 
used. The 12-in. permanent camera has initial and maintenance costs that are very close to those of the 
4-in. permanent camera system, and the system is somewhat more robust. The pan-and-tilt mechanism 
is more durable, and the lighting system can provide greater illumination to see across the tank. This 
system would be preferred in any instance where the 4-in. permanent camera is favored over the 4-in. 
MCCS, and a 12-in. riser is readily available in a location for appropriate in-tank viewing. 

4.1.1.6 Leak Detectors 

During transfer of tank waste, transfer-associated structures are monitored for leakage from valve 
manifolds, jumpers, piping nozzles, and transfer piping encasements by a leak detection system. The pit 
leak detection system transmits alarm signals the MPS System. 

Low point leak detectors (conductivity probes) are permanently mounted in the lowest part of the pit 
floor. The conductivity probes have electrodes at different electrical potentials that are short-circuited 
by a conductive medium (i.e., liquid waste) and cause a change in state of the monitoring circuitry. 
When the liquid waste short-circuits the leak detector electrodes, an alarm is generated, and associated 
Instrumentation and Control System interlock circuitry is actuated to trip the transfer pump. 

Continuous encasement leak detector cables will be installed in the encasement piping between AP-A 
valve pit and the WTF. The sensors and cables will be designed to withstand the effects of a radioactive 
liquid. The leak detector control panels will be located in the 271 AP annex. 

The preferred method is to wire all leak detector signals to the MPS system. Pit leak detectors will be 
hardwired to the MPS system SS PLCs. Encasement leak detectors will be connected to the MPS system 
GS PLCs or to the RCS PLC, and leak detector signals will be data linked to MPS system. 

4.1.2 Boundaries and Interfaces 

4.1.2.1 WTF Interface 

The requirements for the W-52 I/WTF interface are depicted in WTF-5 193-ID- 19. 

Shutdown and leak detection signals will be hardwired from the W-521/WTF interface terminal box to 
the new MPS system located in the new AP annex. 

WTF will provide two sets of redundant dry contacts to the W-3 14 MPS system. One redundant set of 
contacts will be used to shut down the WFD transfer pump. The second set of redundant contacts will 
be used to indicate a leak within the WTF facility; i.e., “high sump level.” 
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W-314 MPS system will provide two sets of redundant dry contacts to the WTF. One redundant set of 
contacts will be used to shutdown the WTF pump (used to send waste back to DSTs). The second set of 
redundant contacts will be used to indicate a leak associated with the WFD system; Le., ‘Pit AP-A 
Leak’. 

The interface point for these hardwired signals will be at the terminal box provided by W-52 1. 

In addition to the hardwired signals, a data link will be installed between the WTF and the new MPS 
system. 

The WTF and the DST Monitor and Control System will communicate necessary data over a data link to 
facilitate operations. The physical media is shielded twisted pair. There are several options for an 
acceptable protocol between systems. Making changes in program instructions easily modifies the data 
block. 

4.1.2.2 Diluent and Flush Systems 

The Diluent and Flush System will be specified with stand-alone PLC based controls with capability for 
local monitor and control. The W-521 RCS will interface with the Diluent and Flush control system via 
a data link, and will have the capability to execute all normal monitor and control functions &om the 
local-remote HMI. 

The data communicated over the peer to peer link between the diluent and flush PLC and RCS is defined 
below: 

Diluent Pump On 
Diluent Pump Off 
Diluent Pump Speed 
Diluent Pump Motor Current 
Diluent Pump Discharge Pressure 
Diluent Pump Discharge Flowrate 
Diluent Pump Discharge Temperature 

Diluent Flow Valve Position 
Diluent Tank Level 

Diluent Tank Temperature 
Diluent Tank Conductivity 
Caustic Metering Pump Status 
Caustic Metering Pump Flowrate 
Sump Level Switch High 
Heated Raw Water Flowrate 

Diluent Valve Position Switches (OpedClose or A, B, C) 

Diluent Tank Level Switch High 
Diluent Tank Level Switch Low 

HND Team Page 43 

U-168 



RPP-7069. REVISION 0 

LETRIEVAL CONTROL SYSTEM 
SYSTEM DESIGN DESCRIPTION 

Report No. W-521-SDD-04, Rev. 2 
September 2000 

0 

0 

0 Boiler or Heater Status 

0 

0 

Heated Raw Water Valve Position 
Raw Water Flow Valve Position 

Boiler or Heater Input Water Temperature 
Boiler or Heater Output Water Temperature 
Boiler or Heater Fault; Le., 'Low Water Flow' 

3utputs: 

0 Discrete Valve Position (OpedClose or A, B, C) 
0 Diluent Flow Control Valve Position 
0 Diluent Pump Speed 

Diluent Re-circulation Pump S t d S t o p  
Metering Pump Flow Set-Point 
Heated Water Flow Control Valve 

0 Boiler or Heater Temperature Set-point 

1.1.2.3 W-211 Interface 

'rojects W-521 and W-211 control systems will interface at the TFLAN/HMI level. Diluent and Flush 
nonitor and control functions will be required at each tank farm that requires diluent andor flush water. 

1.1.2.4 W-314 Interface 

'it leak detectors and backflow detection pressure switches installed by project W-521 will be connected 
hardwired) to the W-3 14 MPS System. 

W-521 will install a new pit leak detector in the existing AP valve pit and the new AP-A valve pit. 
3ackflow detection pressure switches will be installed in valve pit SY-A, AW-A, AW-B, and pump pits 
4W02A, AYOlA and AY02A. 

Valve position switches in AP-A valve pit and the existing AP valve pit will be connected (hardwired) 
o new M P S  system GS PLC located in AP 271 annex. 

Vew valve position switches and encasement leak detectors will be installed by W-521 in the SY-A and 
3Y-B pits, and will be wired to the W-521 RCS and a data link will provide valve status and encasement 
eak detector status to the MPS System. All programming and testing of software will be completed 
inder W-521 Scope or Work. 

4 continuous leak detector will be installed in the encasement piping between the new AP-A valve pit 
md the WTF (4 lines). The continuous leak detector will monitor the complete run of encased piping 
kom valve pit AP-A to the low point located in WTF facility. The leak detector control panel will be 
ocated in AP 271 annex and output signals will be wired to the MPS system GS PLC. All programming 
ind testine of software will be completed under W-3 14 Scope or Work. 
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A data link will be provided to W-314 MPS system GS from the WTF Control System. The data link 
media is shielded twisted pair. 

4.1.2.5 TFLAN Interface 

Project W-314 is currently designing a GS TFLAN to be used as a backbone communication system for 
the new MPS system and WFD projects. All data from the W-521 RCS will be sent over the TFLAN to 
a central monitor and control station. 

Project W-521 will extend TFLAN to new W-521-supplied ICE buildings. Project W-521 will also 
connect AY and AZ annulus ventilation PLCs to TFLAN. 

TFLAN is a fiberoptic cable (IEEE 802.3 Ethernet). TBR 

4.1.3 Physical Location and Layout 

Reference W-521 Site Development Plan. 

4.1.4 Principles of Operation 

4.1.4.1 Mixer Pump and Transfer Pump 

The mixer and transfer pumps will be operated from the local-remote HMI. The pumps are capable of 
being shut-down manually from the local-remote location. The local-remote HMI shall be stand-alone 
(capable of running WFD operations without the TFLAN connection). Instrumentation signals that are 
necessary for WFD operations will be hardwired into the W-521 RCS. These signals will be sent over 
TFLAN for central monitor functions. 

4.1.4.2 Diluent and Flush Systems 

The Diluent and Flush System will be capable of local, or local-remote operation. Startup will be 
completed locally, and continued monitor and control functions will be conducted from the local-remote 
HMI located in the ICE Buildings. 

4.1.5 System Reliability Features 

Instrumentation should be standardized, rugged, and have a history of proven performance that requires 
a minimum amount of maintenance. 

4.1.6 System Control Features 

This system does not contain any unique control features. 
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1.2 Operations 

1.2.1 Initial Configurations (Pre-startup) 

1.2.1.1 Verify Transfer Component Status 

Jnder normal conditions, the RCS and associated monitor and control systems shall be functional prior 
o starting WFD operations. 

1.2.1.2 Verify Transfer Route 

\permissive from MPS system is interlocked with RCS, when valve positions match transfer route. 
The RCS is responsible for monitoring the position of the waste valves located in the pump pits. 

1.2.2 System Startup 

The transfer or mixer pump will be started from the local-remote station. Manual transfer switches will 
ie used to select the mixer or transfer pump for operation. 

Uso, a permissive from the new MPS system is required. 

1.2.3 Normal Operations 

1.2.3.1 

The mixer pump operation should be monitored and controlled from the local-remote HMI to ensure that 
he waste is being effectively mobilized. The command from the W-521 RCS shall include but not be 
imited to Start, Stop, and Frequency. The feedback from the VFD to the W-521 RCS shall be Start, 
;top, Frequency, amps, voltage, and protective trip faults. The PLC will calculate the pump speed based 
in frequency feedback. 

Mixer Pump Monitor and Control 

The RCS will monitor the pump column water pressure. 

The RCS will monitor and control mixer pump speed. 

The RCS will monitor and control mixer pump seal water flow. 

The RCS will monitor the differential pressure across the pump column supply filter. 

The RCS will monitor the motor bearing temperature, vibration, and winding temperature. 

The RCS will monitor and control the mixer pump oscillation via a data link connected to the 
VFD. 

Further detail TBD. 
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Local-remote station will be manned during WFD operations. Monitoring functions will also take place 
at a central monitoring location. 

1.2.3.2 Transfer Pump Monitor and Control 

The monitor and control system will be designed to support the process outlined below from the Iocal- 
remote HMI. 

Precondition the transfer line. This step requires that the transfer pipe temperature be raised 
so that waste temperature is maintained within an acceptable window. 

The RCS shall have the capability to add diluent to the transfer pump suction during a 
transfer. 

Prior to and during a transfer the RCS shall be capable of the following: 

- Position the transfer pump inlet. The CCTV will be used to verify that the variable pump 
suction is hnctioning properly. 

Monitor the position of the transfer pump inlet. - 

- Monitor transfer pump parameters. 

- Monitor process waste parameters. 

- 

- 

Monitor the transfer system for waste leaks andor misrouting. 

The RCS shall have the capability to flush the transfer line. 

The RCS shall have the capability to drain the transfer line. 

The RCS shall have the capability to provide the appropriate data to complete a material 
balance. 

Establish a new transfer route, W-314 Scope: 
- 

Monitor the supply tank parameters. 

Monitor the receiving tank parameters. 

0 

A permissive from MPS system is interlocked with RCS, when balve positions match 
transfer route. 

The RCS will monitor and control the transfer pump operation. The transfer pump operation should be 
nonitored to ensure that the waste is being effectively mobilized. 

The RCS will monitor the discharge flow rate, pressure, density, and temperature. 
~ 
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The command from the W-521 RCS shall include but not be limited to Start, Stop, and Frequency. The 
'eedback from the VFD to the W-521 RCS shall be Start, Stop, Frequency, amps, voltage, and protective 
rip faults. The PLC will calculate the pump speed based on frequency feedback. 

The RCS will monitor the motor bearing temperature, vibration, and winding temperature. 

The tank waste level is monitored prior to and during a waste transfer. 

t.2.3.3 

The RCS will control the diluent flow rate, temperature, and total flow. The diluent system will deliver 
liluent to the transfer pump suction. The RCS will operate the system in recirculation or transfer mode 
1s required. The RCS will also have the capability to back flush back through the pump. 

process control of the in-line diluent additions will be provided by equipment and instrumentation at the 
Diluent and Flush System as well as at the pump pit. Diluent flow will be monitored and controlled as 
.equired, as well as diluent temperature and line pressure. The caustic addition supply line pressure will 
)e monitored and compared to the pump discharge line to prevent any backflow through the supply line. 
Detection of high pressure in the supply line is required to actuate an alarm ador  provide an interlock to 
shut the transfer pump. The pressure set point shall be 15 +/- 3 psig. 

1.2.3.4 Diluent System Operation 

Monitor and Control In-Line Dilutions 

The RCS will monitor and control the diluent flow rate. 
The RCS will monitor and control the total diluent flow rate added. 
The RCS will monitor and control the diluent temperature. 
The RCS will control the diluent concentration. 
The RCS will monitor and control the pre-conditioning and flushing of transfer lines. 
The RCS will monitor additional parameters as identified in the interface section of this 
preliminary SDD. 

1.2.4 Off-Normal Operations 

Abnormal conditions are alarmed at the local-remote station, and the central monitor station. 

All alarms and interlocks will be designed in future design efforts. 

The 296-A-42 stack radionuclide monitor will alarm in the event of high betdgamma readings. The 
296-A-42 SHMS E+ will alarm in the event of high flammable gas measurements. 
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1.2.5 System Shutdown 

411 alarms and interlocks will be designed in future design efforts. All interlocks will be generated 
lirectly from the PLC logic. The 296-A-42 ventilation fans will be shutdown in the event of a high 
;tack betdgamma alarm. 

1.2.6 Safety Management Programs and Administrative Controls 

Zontrol system should be designed to facilitate changes or modifications and functional checkout 
ictivities to support the WFD mission. This is to include but not be limited to fully documented 
;oftware and an operations program to include configuratiodsohare management of change. 

1.3 Testing and Maintenance 

nstrumentation will be designed to facilitate periodic testing and calibration, and should not require 
ntry into tank or pit. 

411 software changes will be managed per HNF-PRO-309 

1.3.1 Temporary Configurations 

This section is not applicable to the RCS at this time. 

1.3.2 TSR-Required Surveillances 

rhere are no new TSR-required surveillances identified at this time. 

1.3.3 Non-TSR Inspections, and Testing 

gIA 

1.3.4 Maintenance 

The W-521 RCS will be designed to facilitate maintenance activities. 
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1.0 INTRODUCTION 

This System Design Description (SDD) identifies performance requirements, defines bases, and 
provides references to requisite codes and standards for the Waste Feed Delivery System (WFDS) 
Project W-521 Piping, Jumper, and Valve System. This SDD addresses only the piping, jumpers, and 
valves contained in transfer-associated structures. New buried piping is addressed in the RPPNaste 
Treatment Facility (WTF) Transfer Piping SDD (ref. W-521-SDD-06). It also identifies the system 
configuration to the extent defined by the conceptual design. 

1.1 System Identification 

The Piping, Jumper, and Valve System is comprised of the following major subsystems: 

Valve ManifoldslJumpers, 
In-Line Sensors*, 
DST Addition Drop Legs. 

*Only sub-functions of the In-Line Sensors system are allocated to the Piping, 
Jumper, and Valve System (see Section 2.1). 

1.2 Limitations of this SDD 

This SDD revision was prepared in conjunction with the Advanced Conceptual Design (ACD) Phase of 
the WFDS Project W-521. Many of the sections contain information that is preliminary, or of a highly 
conceptual nature. This SDD will be a living document throughout the design phases of W-521, and 
will become more detailed as the design progresses through Definitive Design. Requirements were 
taken from HNF-4160, Piping, Jumper, and Valve System Specijkation, Rev. 0. The previous revision 
was based on the Draft Level 2 Specifications. 

1.3 Ownership 

This SDD is owned by the Project Engineer responsible for the Piping, Jumper, and Valve System. 

1.4 Definitions 

Active - An active component is one that is part of the “as-built” tank farms and has not been isolated 
and disconnected from all other tank farm components as part of an approved Engineering Change 
Notice (ECN). 

Ex-Tank Intrusive - The ex-tank intrusive region includes pits (e.g., transfer-associated structures) that 
are not isolated from the tank dome space by a seal barrier. The ex-tank intrusive region also includes 
the area around tank openings that are directly connected to the dome space, to the closest of eighteen 
4.92-m (15-fl) opening diameters or the boundary of temporary containment devices, whichever distance 
is less. 
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General Service (GS) SSC - Structures, systems, or components (SSCs) not classified as either Safety 
Class or Safety Significant. 

Manifold - Remotely installed rigid piping system inside a pit that transfers waste and flush water 
between nozzles. 

Physically Connected - Refers only to piping, tanks, and structures and their associated 
instrumentation. 

Physically connected piping is any piping that is part of or connected to the transfer route. 
Piping need not be considered connected to the transfer route if it is physically disconnected as 
described below. 

An air gap (e.g., removal of piping, transfer jumper) is considered to physically disconnect 
piping on either side of the air gap; or 
A blind flange/process blank in the transfer route is considered to physically disconnect 
piping on either side of the blind flange or process blank, or 
An operable service water pressure detection system is considered to physically disconnect 
piping downstream of the first or second closed isolation valve of the detection system that is 
downstream of the source of pressurized WASTE, depending on how the system pressure 
boundary integrity is tested (see HNF-SD-WM-SAR-067, Chapter 4.0); or 
An OPERABLE backflow prevention system in the 204-AR Waste Unloading Facility is 
considered to physically disconnect piping downstream of the second isolation valve that is 
downstream of the source of pressurized WASTE; or 
Two Safety - Significant isolation valves, INDEPENDENTLY VERIFIED to be in the 
closed position, are considered to physically disconnect piping on the downstream side of the 
second closed isolation valve that is downstream of the source of pressurized waste. 

(Note: Closed valves that are not designated as Safety-Significant do not physically 
disconnect piping from the transfer route). 

The East/West cross-site transfer line and replacement cross-site transfer lines are considered 
PHYSICALLY CONNECTED piping only when cross-site WASTE transfers are in progress. 
The East/West cross-site transfer line is the piping between 241-UX-154 diversion box and 241- 
ER-151 diversion box. The replacement cross-site transfer line is the piping between 241-SY-A 
and 241-SY-B valve pits and the 244-A lift station. 

PHYSICALLY CONNECTED structures are those structures through which PHYSICALLY 
CONNECTED piping runs, or structures that could be subject to leakage from PHYSICALLY 
CONNECTED piping. 
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PHYSICALLY CONNECTED tanks are those tanks connected to the transfer route, those tanks 
connected to the PHYSICALLY CONNECTED piping, and those tanks designed to receive 
leakage from PHYSICALLY CONNECTED piping through a drain path. 

Pit Nozzle - Rigid male connector anchored in the pit wall or the transfer pump housing that provides a 
leak-tight connection with the integral seal block attached to a manifold. 

RPP Design Authority -A  person qualified in the practice of engineering with four years demonstrated 
job related experience including two years in their specific functional areas. For nuclear structures, 
systems, or components, they shall have at least one year nuclear experience. The RPP Design 
Authorities for the facility and for the Project must have completed the RPP Design Authority 
Qualification Card and have an appointment letter approved by the RPP Chief Engineer. 

Safety Class (SC) SSC -An SSC that prevents or mitigates releases to the public that would otherwise 
exceed the offsite radiological risk guidelines, or to prevent a nuclear criticality. Those SSCs that 
support the safety function of a SC SSC may also be SC. 

Safety Significant (SS) SSC -An SSC that prevents or mitigates releases of radiological materials to 
onsite workers and toxic chemicals to the offsite public and onsite workers. Safety significant also 
describes worker safety SSCs that protect the facility worker from serious injury (or fatality) from 
hazards not controlled by institutional safety programs. Those SSCs that support the safety function of 
an SS SSC are also SS. 

Shall -Denotes a requirement. 

Shall Consider - Requires that an objective assessment be performed to determine to what extent the 
specific factor, criterion, guideline, standard, etc., will be incorporated into or satisfied by the design. 
The results and basis of this assessment shall be documented. Such documentation shall be retrievable 
and can be in the form of engineering studies, meeting minutes, reports, internal memoranda, etc. 

Should -Denotes a recommendation. If a “should” requirement cannot be satisfied, justification of an 
alternative design shall be submitted to the Design Authority for approval. 

rank Opening -Tank risers and pits with an open path to the tank. 

TBD - To be determined. A study and/or calculation need to be performed in order to provide a 
sufficient technical basis for the requirement. 

rBR - To be refined. A “soA” basis for the requirement has been identified. However, a further study 
and/or calculation need to be performed in order to solidify the requirement’s technical basis. 

Transfer-Associated Structure -Pump pits, valve pits, diversion boxes, or cleanout boxes. 

Waste Feed -Waste slurry to be transferred to the WTF containing a mixture of solids and liquids. 
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1.0 GENERAL OVERVIEW 

2.1 System Functions 

f ie  overall mission of the Piping, Jumper, and Valve System is to reliably establish the transfer route 
Tor delivering waste feed to the treatment and immobilization facilities. To accomplish this mission, the 
'iping, Jumper, and Valve System must meet the requirements of the following functions: 

Position Valves for Transfer, 

Position Recirculation Valve, 

Measure Valve Position (sub function of Monitor Valve Position*), 
Direct Waste Additions Within DSTs, 
Confine Waste Within Valve Manifolds and Jumpers, 
Confine Caustic and Diluent Within Valve Manifolds and Jumpers, 

Measure Waste Transfer Flow, Pressure, (including service water pressure detection) and 
Density (sub function of Monitor Process Parameters*), 
Confine Flush Water Through Valve Manifolds and Jumpers, and 
Position Valves for Offline Service. 

DST Addition Drop-Legs 1 x 1  
Service Water Pressure Switch Interlock or Alarm 1 x 1  x"' 

are safety significant 
GS = generalsewice. 
SS = safety significant. 
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2.3 Basic Operational Overview 

The following discussion provides a brief overview of the functions of the sub-elements of the Piping, 
lumper, and Valve System. 

The valve manifolds and jumpers provide a confined routing path for the transfer of tank waste 
among storage locations and for routing caustic/diluent and flush water. Figure 2-1 shows a 
typical jumper arrangement. 

The DST Addition Drop-Legs route the waste or caustic/diluent into the tank through a riser. 

Temperature, pressure, density, and flow elements are located on valve manifolds in the transfer- 
associated structures. Dual pressure elements are used to protect the service water distribution 
system. Valve position indicators provide a positive indication of valve line-up positions. 

Figure 2-1. Typical Jumper Arrangement 
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3.0 REQUIREMENTS AND BASES 

3.1 General Requirements 

This section identifies the general requirements for the Piping, Jumper, and Valve System and the bases 
for these requirements. 

3.1.1 System Functional Requirements 

a. 

b. 

. *. 

i. 

<. 

Requirement: The Piping, Jumper, and Valve System shall enable or block waste flow from 
required ports to achieve routing objectives. 

Basis: This requirement is per HNF-4160, Piping, Jumper, and Valve System Specification, Rev. 
0. Section 3.2.1.1. 

Requirement: The Piping, Jumper, and Valve System shall provide local indication of the 
actual position of all transfer valves. 

B&: This requirement is per HNF-4160, Piping, Jumper, and Valve System Specification, Rev. 
0, Section 3.2.1.2. 

Requirement: The Piping, Jumper, and Valve System shall include measurement devices to 
provide an electronic signal that indicates the position status of transfer valves. 

&&: This requirement is per HNF-4160, Piping, Jumper, and Valve System Specijicarion. Rev. 
0, Section 3.2.1.2.2. 

Reauirement: The Piping, Jumper, and Valve System shall provide DST addition drop-legs to 
direct waste, service water, or diluent into DSTs. 

&&: This requirement is per HNF-4160, Piping, Jumper, and Valve System Specification. Rev. 
0, Section 3.2.1.3. 

Requirement: The transfer valve manifolds and jumpers shall provide the primary containment 
boundary for waste routed through the pump and valve pits. 

&&: This requirement is per HNF-4160. Piping, Jumper, and Valve System Specification. Rev. 
0, Section 3.2.1.4. 

Requirement: The Piping, Jumper, and Valve System shall be capable of routing diluent and 
flush water to the transfer pump suction or transfer pump discharge through fixed jumpers or 
valve manifolds. The Piping, Jumper, and Valve System also shall route diluent and flush water 
to the DST addition drop-len in the tank riser for direct addition to the DST via fixed manifolds ~- 
or jumpers. The Piping, Jumper, and Valve System also shall be capable of routing filtered raw 
water from the DST Raw Water Subsystem to the tank. 
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5. 

1. 

.. 

n. 

B&: This requirement is per HNF-4160. Piping, Jumper, and Valve System Specification. Rev. 
0, Section 3.2.1.5. 

Requirement: The transfer valves shall enable or block flow to achieve recirculation from the 
transfer pump to the tank. 

B&: This requirement is per HNF-4160, Piping, Jumper, and Valve System Specification. Rev. 
0, Section 3.2.1.6. 

Requirement: The Piping, Jumper, and Valve System shall provide the capability to measure 
the waste flow rate at the transfer pump discharge. 

&@: This requirement is per HNF-4160, Piping, Jumper, and Valve System Specification, Rev. 
0, Section 3.2.1.7. I .  

Requirement: The Piping, Jumper, and Valve System shall provide the capability to measure 
transfer pump discharge pressure. 

Basis: This requirement is per HNF-4160, Piping, Jumper, and Valve System Specification, Rev. 
0, Section 3.2.1.7.2. 

Requirement: The Piping, Jumper, and Valve System shall provide the capability to measure 
waste density at the transfer pump discharge. 

&&: This requirement is per HNF-4160, Piping, Jumper, and Valve System Specification, Rev. 
0, Section 3.2.1.7.4. 

Requirement: The Piping, Jumper, and Valve System shall be capable of being gravity drained 
to the source or receiving tank. 

M: This requirement is per HNF-4160. Piping, Jumper, and Valve System Specification, Rev. 
0, Section 3.2.1.11. 

Requirement: The transfer valves shall enable or block flow to provide offline service of water, 
diluent, and water transfers. 

B&: This requirement is per HNF-4160, Piping, Jumper, and Valve System Spec$cation, Rev. 
0, Section 3.2. I .  12. 

Requirement: The transfer valves shall enable or block flow to achieve flushing objectives for 
jumpers, transfer, piping, and transfer pumps. 

m: This requirement is per HNF-4160, Piping, Jumper, and Valve System Specification. Rev. 
0. Section 3.2.1.13. 
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n. 

0. 

P. 

3.1.2 

Requirement: The Piping, Jumper, and Valve System shall be capable of detecting an) 
backflow of waste or contaminated flush or diluent from the transfer pump to the flusWdiluen 
jumper. 

B d :  This requirement is per HNF-4160, Piping, Jumper, and Valve System Specification, Rev. 
0, Section 3.2. I .  14. 

Requirement: The Piping, Jumper, and Valve System shall be capable of preventing an) 
backflow of waste or contaminated flush or diluent from the transfer pump to the flusWdilueni 
jumper. 

&&: This requirement is per HNF-4160, Piping, Jumper, and Valve System Specification, Rev, 
0, Section 3.2.1.15. 

Requirement: The Piping, Jumper, and Valve System shall restrict leakage of the RPPiWTF 
Transfer Piping secondary confinement drain piping. 

m: This requirement is per HNF-4160, Piping, Jumper, and Valve System Specification. Rev. 
0, Section 3.2.1.16. 

Subsystem and Major Components 

3.1.2.1 Valve ManifoldsNumpers 

a. 

b. 

C. 

i. 

Requirement: The valves shall remain closed when within 5 degrees of full closed position. 

&&: This requirement is per HNF-4160, Piping, Jumper, and Valve System Spec$cation, Rev. 
0, Section 3.2.1.1.a. 

Requirement: Mechanical (local) position indication for valves shall be accurate to within f 5 
degrees with respect to the actual valve position. 

&&: This requirement is per HNF-4160, Piping, Jumper, and Valve System Specification, Rev. 
0, Section 3.2.1.2.l.a. 

Requirement: Mechanical (local) indication of the valve’s position shall be visible from the top 
of the cover block. 

B&: This requirement is per HNF-4160, Piping, Jumper, and Valve System Specification, Rev. 
0, Section 3.2.1.2.1.b. 

Reauirement: The Piping, Jumper, and Valve System shall be designed to transfer waste up to 
160 gal/min (606 Llmin). 
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e. 

f. 

g. 

h. 

c. 

&&: This requirement is per HNF-4160, Piping, Jumper, and Valve System Specification, Rev. 
0. Section 3.2.1.4.a. 

Reauirement: Pressure boundaries shall be designed for no visible leakage at test pressure ix 
accordance with ASME B31.3. 

&&: This requirement is per HNF-4160, Piping, Jumper, and Valve System Specifcation. Rev. 
0. Section 3.2.1.4.b. 

Reauirement: The design pressure of new Piping, Jumper, and Valve System components shal 
be 450 lblin2 (3103 P a )  gauge (TBR). 

&E&: This requirement is per HNF-4160. Piping, Jumper, and Valve System Speclfication, Rev. 
0, Section 3.2.1.4c, as modifiedper Design Authority direction. 

Reauirement: The Piping, Jumper, and Valve System shall be designed to transfer and route 
diluent/flush water at a flow rate up to 160 gal/min (606Lhin). 

&E&: This requirement is per HNF-4160, Piping, Jumper, and Valve System Specification, Rev. 
0, Section 3.2.1.5.a. 

Reauirement: The Piping, Jumper, and Valve System shall be designed to transfer and route 
filtered raw water at a pressure not to exceed the transfer waste design pressure defined above. 

B&: This requirement is per HNF-4160, Piping, Jumper, and Valve System Specification, Rev. 
0, Section 3.2.1.5.6. 

Reauirement: The valves shall be capable of being positioned in the full-open or full-closed 
positions for every port. The valve position is defined as fully closed and seated in Section 
3.2.1.1 .a. 

B&: This requirement is per HNF-4160. Piping, Jumper, and Valve System Specification. Rev. 
0, Sections 3.2.1.6.a, 3.2.1.12.a. and 3.2.1.13.a. 

Reauirement: A vacuum break release shall be provided for the transfer piping to allow gravity 
liquid draining. 

m: This requirement is per HNF-4160, Piping, Jumper, and Valve System Specification, Rev. 
0, Section 3.2.1.11. 

Reauirement: Piping, Jumper, and Valve System designs shall provide for ease of cut-up, 
dismantling, removal, and packaging of contaminated equipment (e.g., removal and packaging of 
components within transfer-associated structures) from the facility. 
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B A :  This requirement is per HNF-4160, Piping, Jumper, and Valve System Specificaiion. Rev. 
0, Section 3.3.8. 

Reauirement: Piping shall be designed and fabricated to minimize crud traps. 

&&: This requirement is per HNF-4160. Piping, Jumper, and Valve System Specification, Rev. 
0, Section 3.3.8. 

Reauirement: Isolation valves for waste transfer branch lines, diluent addition lines, and 
service water flush lines shall be located as close to the main transfer line as practical. 

&&: This requirement is per HNF-4160, Piping, Jumper, and Valve System Specification. Rev. 
0, Section 3.3.8.d. 

1. 

m. 

3.1.2.2 In-Line Sensors 

a. 

b. 

C. 

d. 

e. 

Reauirement: The flow rate measurement device shall be capable of measuring a range of 0- 
200 gallmin (0-757 L/min) with an accuracy of 0.5 percent of range <TBR>. 

m: This requirement is per HNF-4160, Piping, Jumper, and Valve System Specification, Rev. 
0, Section 3.2. I .  7.1. a. 

Reauirement: The pressure measurement device(s) shall be capable of measuring a range of 0- 
850 lbf/in2 (0-5960 Wa) with an accuracy of 0.5 percent of range <TBR>. 

B-: This requirement is per HNF-4160, Piping, Jumper, and Valve System Specification, Rev. 
0, Section 3.2.1.7.2.a. 

Reauirement: The density measurement device shall be capable of measuring a range of 0.9 to 
1.5 g/cm3 with an accuracy of 0.0005 g/cm3 <TBR>. 

m: These requirements are per HNF-4160, Piping, Jumper, and Valve System Specification, 
Rev. 0, Section 3.2. I .  7.4.a. 

Reauirement: The detection instrumentation shall be compatible with the requirements of the 
Retrieval Control System Design Description. The detection instrumentation shall be installed 
between the pump discharge and the backflow prevention device required below. 

&&: This requirement is per HNF-4160, Piping, Jumper, and Valve System Specification, Rev. 
0, Section 3.2.1.14.a. 

Reauirement: The backflow prevention device shall be compatible with the requirements for 
jumpers and jumper components. The backflow prevention device shall be installed between the 
flusWdiluent supply and the backflow prevention instrumentation required above. 
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M: This requirement is per HNF-4160, Piping, Jumper, and Valve System Specification, Rev. 
0, Section 3.2.1.15.a. 

3.1.3 Boundaries and Interfaces 

Subsystems that interface with the Piping, Jumper, and Valve System are the Transfer Pump System; the 
RPPNTF Piping Systems; the ValvelPump Pits Cover Blocks System; the ElectricaVWater Utilities 
System; the Diluent and Flush System; the Retrieval Control System, and the existing DST Confinement 
ind Transfer Piping Systems. These interface relationships are illustrated in Figure 3-1. 

Figure 3-1. Piping, Jumper, and Valve System Interfaces 

3.1.3.1 Transfer Pump System 

a. Reauirement: The Piping, Jumper, and Valve System shall transfer and route the waste or 
diluent from the Transfer Pump System at a pressure not to exceed the design pressure defined in 
Section 3.1.2.1. 

B-: This requirement is per HNF-4160, Piping, Jumper, and Valve System Speczfication, Rev. 
0, Section 3.1.2. l . l .a .  
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3.1.3.2 RPP/WTF Piping System 

a. Reauirement: The Piping, Jumper, and Valve System shall route the waste, diluent, and filtered 
raw water from the Transfer Pump System at a pressure not to exceed the design pressure 
definedin Section 3.1.2.1. 

m: This requirement is per HNF-4160. Piping, Jumper, and Valve System Specification, Rev. 
0. Section 3.1.2.1.2.a. 

b. Reauirement: The Piping, Jumper, and Valve System shall provide a seal loop jumper to block 
and route the flow of waste, diluent, or water from the Transfer Piping System secondary 
confinement drain. 

B-: This requirement is per HNF-4160, Piping, Jumper, and Valve System Specijkation, Rev. 
0, Section 3.1.2.1.2.b. 

3.1.3.3 Valve/Pump Pits and Cover Blocks 

a. Reauirement: The ValveRump Pits and Cover Blocks System shall provide the secondary 
confinement of the Piping, Jumper, and Valve System. 

B d :  This requirement is per HNF-4160, Piping, Jumper, and Valve System Specification, Rev. 
0, Section 3.1.2.1.1. 

3.1.3.4 ElectricaWater Utilities System 

a. Reauirement: The Piping, Jumper, and Valve System shall route the filtered raw water from 
the Raw Water Subsystem at a pressure not to exceed the design pressure defined in Section 
3.1.2.1. 

&&: This requirement is per HNF-4160, Piping, Jumper, and Valve System Specification. Rev. 
0, Section 3.1.2.1.3.a. 

Reauirement: The ElectricaYWater Utilities System shall provide 120 VAC, single-phase 
electric power to the Piping, Jumper, and Valve System. 

m: This requirement is per HNF-4160, Piping, Jumper, and Valve System Specification, Rev. 
0, Section 3.1.2.1.4. 

3.1.3.5 Diluent and Flush System 

b. 

a. Reauirement: The Piping, Jumper, and Valve System shall transfer and route the flush or 
diluent from the Diluent and Flush System at a pressure not to exceed the design pressure 
defined in Section 3.1.2.1. 
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&&: This requirement is per  HNF-4160, Piping, Jumper, and Valve System Speczjication, Rev. 
0, Section 3.1.2.1.6.a. 

3.1.3.6 DST Monitoring and Retrieval Control Subsystem 

i. Requirement: The Piping, Jumper, and Valve System shall be designed using motor-operated 
valves when required. 

m: This requirement is per HNF-4160, Piping, Jumper, and Valve System Specification, Rev. 
0, Section 3.1.2.1.8.a. 

Reauirement: Measurement device(s) for remote indication of valve position shall be 
compatible with the requirements of the Retrieval Control System. 

&&: This requiremeni is per HNF-4160, Piping, Jumper, and Valve System Specification, Rev. 
0, Section 3.2.1.2.2.a. 

I. 

:. Reauirement: The Piping, Jumper, and Valve System shall be designed using motor-operated 
valves where required. 

B A :  These requirements are per HNF-4160, Piping, Jumper, and Valve System Specification, 
Rev. 0, Sections 3.1.2.1.8.a. 

h1.4 Codes, Standards, and Regulations 

3esign requirements applicable to the Piping, Jumper, and Valve System come from government and 
ion-government source documents and various codes and standards. Each document (of the exact 
.evision identified) in this section is invoked by one or more requirements of this specification and 
.epresents a part of this specification to the extent specified. 

1.1.4.1 Government Documents 

J.S. Department of Energy (DOE) orders and regulatory documents, including those promulgated by the 
:ederal Government and Washington State constitute a part of this specification to the extent specified 
ierein. The regulatory documents that form a part of this specification are listed in Table 3-1. 
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DOE 5820.2A, 1988 

DOE 6430.1A, 1989 

DOERL-96-109, Rev. 0 

RCRA, 1976 
WAC 173-303-640, 1999 

PIPING, JUMPER, AND VALVE 
SYSTEM DESIGN DESCRIPTION 

Title 
Radioactive Waste Management, US. Department of Energy, 
Washington, D.C. 
General Design Criteria. US. Department of Energy, Washington, 
D.C. 
Hanford Site Radiological Control Manual (HSRCM-I), 
U S .  Depamnent of Energy-Richland Operations Office, Richland, 
Washington. 
Resource Conservation and Recovery Act of 1976, 42 USC 6901. 
“Dangerous Waste Regulations,” Washington Administrative Code, 

_ _ ~  ~ 

Report No. W-521-SDD-05, Rev. 2 
September 2000 

r 

Document Number Title 
ASME B16.34, 1998 

ASMEB31.3, 1999 

Valves-Flanged, Threaded, and Welding End, American Society of 
Mechanical Engineers, New York, New York. 
Process Piping, American Society of Mechanical Engineers, New York, 

5.1.4.2 Non-Government Documents 

Vational codes, standards, and the Hanford Site documents listed in Table 3-2 constitute a part of this 
;pecification to the extent specified herein. The RPP-PROS implement federal and state regulations and 
IOE Orders. In addition, it should be noted that some requirements are based on the existing 
mthorization basis documents (e.g., HNF-SD-WM-FSAR-067, HNF-SD-WM-TSR-006, etc.). The 
4uthorization Basis requirements may be changed, if necessary, after analysis and justification of the 
wulting risk being incurred have been outlined in a final safety analysis report (FSAR) amendment and 
tpproval is obtained from the DOE Office of River Protection (OW). In addition, the list of procedures 
s not intended to be complete, but rather to identify key ones which, when implemented, will support 
iuccessful completion of design activities. Specific other procedures/documents are referenced 
hroughout the sections of this document. 
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RPP-PRO-1621, Rev. 0,1999 
RPP-PRO-1622, Rev. 0, 1999 
RPP-PRO-709, Rev. 0, 1999 
"F-2004, Rev. 1,1999 
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Title 
ALARA Decision-Making Methods. 
Radialo~ical Design Review Process. 
Preparation and Control Standard for Engineering Drawings. 
Estimated Dose to In-Tank Equipment and Ground-Level Transfer 
Equipment During Privatization, COGEMA Engineering for Fluor 
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HNF-2962,1998 

HNF-IP-0842, Vol. 11, Section 6.1, 
Rev. lA, 1999 
"F-MP-599, Rev. 3,1999 

HNF-SD.WM-SAR-067, Rev. 1,1999 

Analytes in Phase I and Phase 2 Transfers, Fluor Daniel Hanford, Inc., 
Richland, Washington. 
A List ofElectromagnetic Inteiference (EM) & Electromagnetic 
Compatibility (EMC) Requirements, Numatec Hanford Corporation for 
Fluor Daniel Northwest for Fluor Daniel Hanford, Inc., Richland, 
Washington. 
RPP Administration, "Tank Farm Operations Equipment Labeling," 
Lockheed Martin Hanford Corporation, Richland, Washington. 
Project Hanford Quali~y Assurance Program Description, Fluor Daniel 
Hanford, Richland, Washington. 
Tank Waste Remediation System Final Safety Analysis Report, Fluor 

I Daniel Hanford, Inc , Richland, Washmgton. 
. - 

HNF-2937, 1999 I Esrrmated hlaxrmum Concentranon o/Radronuclrdes and Chemical I 

Hh'F-SD-WM-SEL-040, Rev 1, 1998 

HSF-SD-W-SP-012, Rev 1, 1999 

Daniel Hanford. Richland. Washington 
TIWS Facrlir) Sofir?. Equipment Lirr ,  Lockheed Manin Hanford 
Corporanon for Fluor Daniel Hanford. Richland. Washington 
Operanons and L'trlrnrrron Plan. h'urnatcc Hanford Corporation, 

HNF-SD-WM-TSR-006, Rev. 1, 1999 

HNF-SD-GN-ER-501, Rev. 1, 1998 

I Lockheed Martin Hanford Corporation and COGEMA Engineering 1 
Corporation for Fluor Daniel Hanford, Richland, Washington. 
Tank Waste Remediation Syslem Technical Safety Requirements, Fluor 
Daniel Hanford, Richland, Washington. 
Natural Phenomena Hazards, Hanfard Site. Washineton. Numatec 

- 

HNF-SD-WM-HSP-002, Rev. 3A, 
1998 
HNF-5183, Rev. 0, 1999 

Hanford Corporation for Fluor Daniel Hanford, Richland, Washington. 
Tank Farms Health and Safety Plan, Lockheed Martin Hanford 
Corporation for Fluor Daniel Hanford, Richland, Washington. 
Tank Farms Radiological Control Manual, Fluor Daniel Hanford, 
Richland, Washington. 
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i. 

I. 

,. 

b.2 

1.2.1 

1. 

). 

Requirement: Service Water pressure detection systems shall be operable. The service water 
pressure detection system may be inoperable for 30 minutes during pump priming or flushing 
activities. The local WASTE transfer pump shall not be started until the service water pressure 
detection system is OPERABLE. 

Basis: This requirement is per HNF-SD- WM-TSR-006, Rev. 1, Tank Waste Remediation System 
Technical Safety Requirements, Section 3.0, LCO 3.1.2 Service Water Pressure Detection 
Systems. 

Requirement: A program shall be maintained to manage potential ignition sources that can 
initiate a fire or flammable gas deflagration. 

Basis: This requirement is per HNF-SD-WM-TSR-006, Rev. 1, Tank Waste Remediation System 
Technical Safety Requirements, Section 5.0, AC5. 10, Ignition Controls. This requirement 
applies since in line sensors are installed in the ex-tank intrusive region of a WASTE tank 
(transfer-associated structure) by this project have electrical design speci9cations requiring all 
electrical equipment meet NFPA 70, Class 1, Division 1, Group B criteria. 

Requirement: A program shall be maintained to control encasement seal loop drain line 
isolation valves (hydrostatic test valves). 

m: This requirement is per HNF-SD- WM-TSR-006, Rev. 1, Tank Waste Remediation System 
Technical Safety Requirements, Section 5.0, AC 5.13 (Encasement Seal Loop Controls). 

Special Requirements 

Radiation and Other Hazards 

Requirement: The system components, including the inner and outer surfaces of the primary 
confinement piping and inner surfaces of the secondary piping, shall be designed to perform their 
intended function in the chemical environment defined in HNF-2937. 

m: This requirement is per HNF-4160, Piping, Jumper, and Valve System Specification, Rev. 
0, Section 3.2.5.2.1. 

Requirement: The system shall be designed for the maximum bounding radiation environment 
for direct contact with waste as defined in HNF-2004. 

B A :  This requirement is per HNF-4160, Piping, Jumper, and Valve System Specification, Rev. 
0, Section 3.2.5.2.2. 

Requirement: Transfer valves and manifolds shall be fabricated using materials compatible 
with the transfer of solutions over the range specified in RPP-5346, table 5-1. These waste 
properties reflect conditions at the transfer pump discharge. 
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d. 

3.2.2 

3. 

5.2.3 

VIA 

h2.4 

I. 

1.2.5 

I. 

I. 

Basis: This requirement is per HNF-4160, Piping, Jumper, and Valve System Spec$cation, Re) 
0, Section 3.2.5.2.3. 

Reauirement: All system components that may become contaminated with radioactive or other 
hazardous materials under normal or abnormal operating conditions shall be designed to 
incorporate measures to simplify future decontamination and decommissioning in accordance 
with DOE Order 6430.1A, 1300-11. 

B A :  This requirement is per HNF-4160, Piping, Jumper, and Valve System Specification, Rev 
0, Section 3.3.8.a. 

a.4R.4 

Requirement: The Piping, Jumper, and Valve System shall be designed to keep personnel 
exposures As Low As Reasonable Achievable (ALARA) in accordance with RPP-PRO-1621 anc 
RPP-PRO-1622. 

B&: This requirement is per HNF-4160, Piping, Jumper, and Valve System Specification, Rev 
0, Section 3.3.6.1.a. 

Nuclear Criticality Safety 

Industrial Hazards 

Requirement: The Piping, Jumper, and Valve System shall incorporate occupational safety and 
health design features that comply with the requirements of HNF-SD-WM-HSP-002. 

B A :  This requirement is per HNF-4160, Piping, Jumper, and Valve System Specification, Rev. 
0, Section 3.3.6.1. 

Operating Environment and Natural Phenomena 

Reauirement: The Piping, Jumper, and Valve System shall be designed for the natural 
environmental conditions specified in HNF-SD-GN-ER-501. 

m: This requirement is per HNF-4160. Piping, Jumper, and Valve System Specification, Rev. 
0, Section 3.2.5.1 .a. 

Requirement: The system shall be designed to withstand the natural phenomena hazards as 
specified in RPP-PRO-097. 

m: This requirement is per HNF-4160, Piping, Jumper, and Valve System Specification, Rev. 
0. Section 3.2.5.1.b. 

~~ 
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c. Requirement: All equipment installed in areas in and around the tank that are subject to 
ignition controls shall be designed to meet the requirements of HNF-SD-WM-TSR-006, Section 
5.10, “Ignition Controls.” Areas requiring controls are delineated in HNF-SD-WM-SAR-067, 
Appendix K. The Flammable Gas Equipment Advisory Board shall be consulted whenever the 
application or interpretation of the requirements is unclear. 

&&: This requirement is per HNF-4160, Piping, Jumper, and Valve System Specification, Rev. 
0, Section 3.3.6.3. 

3.2.6 Human Interface Requirements 

a. Requirement: System design shall comply with DOE Order 6430.1A2, Section 1300.12, 
“Human Factors Engineering.” 

&&: This requirement is per  HNF-4160. Piping, Jumper, and Valve System Specifcation. Rev. 
0, Section 3.3.7.a. 

3.2.7 Specific Commitments 

No specific commitments have been identified. 

3.3 

3.3.1 

a. 

3.3.2 

a. 

Engineering Disciplinary Requirements 

Civil and Structural 

Requirement: Tank dome loading shall satisfy the requirements specified in HNF-IP-1266, 
Chapter 5.16. 

B&: This requirement is per HNF-4160, Piping, Jumper, and Valve System Specification. Rev. 
0, Section 3.3.6.2.b. 

Mechanical and Materials 

Requirement: The seal loop jumper shall be designed to impede the flow of any dangerous 
waste or liquid in the secondary confinement drain pipe to ensure that the leak detector in the 
Transfer Piping System will detect the failure of the primary containment or the presence of any 
dangerous waste or accumulated liquid in the secondary containment within 24 hours. The 
amount of anticipated leakage to actuate the leak detector shall be calculated during design of the 
system. The Washington State Department of Ecology, through the final status permitting 
process, may approve or disapprove the final system design. 

w: This requirement is per HNF-4160. Piping, Jumper, and Valve System Specification, Rev. 
0, Section 3.2.1.16.a. 
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Requirement: Valve manifolds and jumpers shall be 3-in. nominal diameter piping, except 
where limited by existing pit design. 

m: This requirement is per HNF-4160. Piping, Jumper, and Valve System Specification, Rev 
0, Section 3.2.2.a. as modijied by engineering judgment. 

Requirement: Valves or operators shall be provided with mechanical stops located as shown in 
Table 3-3 if a system similar to Project W-314 is used. The operators and stops shall prevent 
over torquing and plastic deformation of the valves. 

B A :  This requirement is per HNF-4160, Piping, Jumper, and Valve System Specification, Rev. 
0, Section 3.2.2.b. 

Requirement: Jumpers shall be provided with lifting bails positioned suitable for balanced 
lifting by crane. 

m: This requirement is per HNF-4160, Piping, Jumper, and Valve System Specification, Rev. 
0, Section 3.2.2.i. 

Requirement: Nozzle, manifold, and jumper assembly connections installed in new pump or 
valve pits should be of the Plutonium-Uranium Extraction (PUREX)-type designed in 
accordance with drawings H-2-32430 and H-2-32420 or H-2-821324 and H-2-821325. 

B A :  This requirement is per HNF-4160. Piping, Jumper, and Valve System Specification. Rev. 
0, Section 3.2. 2j .  

Requirement: Manifold and jumper assembly connections installed in existing pump and valve 
pits and diversion boxes shall be designed to mate to existing nozzles. 

B A :  This requirement is per HNF-4160, Piping, Jumper, and Valve System Specification, Rev. 
0, Section 3.2.2.k. 

Requirement: The valve position hardware, as applicable, shall be designed to facilitate quick 
mechanicaVelectrica1 disconnect for ease of cover block removal and replacement. 
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h. 

I. 

c. 

1.3.3 

m: This requirement is per HNF-4160, Piping, Jumper, and Valve System Specifcation, Rev 
0, Section 3.2.2.m. 

Reauirement: All valves shall prevent spray leaks resulting from over-torquing of valve stems. 

B&: This requirement is per HNF-4160. Piping, Jumper, and Valve System Specification, Rev, 
0, Section 3.2.2.p. 

Requirement: The transfer jumper and nozzle components should be 304L stainless steel. All 
piping shall be ASTM A312 type 304L stainless steel. 

m: This requirement is per HNF-4160, Piping, Jumper, and Valve System Specification, Rev, 
0. Section 3.3.1.a. 

Reauirement: All ball valves shall be full-ported, zero-cavity, and shall meet the applicable 
design and fabrication requirements contained in ASME B16.34. 

m: This requirement is per HNF-4160, Piping, Jumper, and Valve System Specification, Rev. 
0, Section 3.3.1.b. 

Reauirement: Valve manifold piping and DST addition drop-legs shall meet the applicable 
design and fabrication requirements contained in ASME B3 1.3. 

B A :  This requirement is HNF-4160, Piping, Jumper, and Valve System Specifcation, Rev. 0, 
Section 3.3.l.c. 

Reauirement: Jumpers shall meet the applicable design and fabrication requirements contained 
in HS-BS-0084. 

m: This requirement is per HNF-4160, Piping, Jumper, and Valve System Speciycation, Rev. 
0, Section 3.3.1.d. 

Chemical and Process 

h y  applicable chemical- or process-related requirements are covered in other sections. 

i.3.4 Electrical Power 

. Requirement: All electrical connections shall be designed as applicable with quick-disconnects 
for ease of cover block removal and replacement. 

m: This requirement is per HNF-4160, Piping, Jumper, and Valve System Specification. Rev. 
0, Section 3.2.4.J 
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>. 

*. 

1.3.5 

I. 

I. 

i.3.6 

Requirement: Electrical equipment enclosures shall be as a minimum NEMA Type 4, per 
NEMA ICs 6. 

&&: This requirement is per HNF-4160, Piping, Jumper, and Valve System Specification, Rev, 
0, Section 3.3.1.g. Note: the Design Authority is processing paperwork to resolve issue. 
Electrical enclosures andjunction boxes of the proper NEMA rating shall be utilized. 

Requirement: Electrical materials and equipment shall be UL or FM tested, with label attached, 
for the purpose intended, whenever such products are available. Where no UL or FM listed 
products of the type are available, testing, and certification by the RF'P Design Authority in 
conjunction with the Flammable Gas Equipment Advisory Board or by a nationally recognized 
testing laboratory (NRTL) shall be acceptable. 

I&&: This requirement is per HNF-4160, Piping, Jumper, and Valve System Specification. Rev. 
0, Section 4.1.2.a. 

Instrumentation and Control 

Requirement: The system shall comply with electromagnetic radiation emission requirements 
set forth in HNF-2962. 

E a :  This requirement is per HNF-4160, Piping, Jumper, and Valve System Specification. Rev. 
0, Section 3.3.2. 

Requirement: Capillary fluids used in sensing elements shall be compatible with tank waste. 

&: This requirement is per HNF-4160. Piping, Jumper, and Valve System Specification, Rev. 
0, Section 3.3.1.k. 

Computer Hardware and Software 

Jo computer hardware and software requirements are identified for the Piping, Jumper, and Valve 
lystem. 

.3.7 Fire Protection 

Jo fire protection requirements are identified for the Piping, Jumper, and Valve System. 
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3.4 

3.4.1 

i. 

1.4.2 

1. 

). 

1.4.3 

1. 

I. 

Testing And Maintenance Requirements 

Testability 

Reauirement: All testing of equipment and instruments will have the ability to be performed 
without having to have personnel access pits (other than with video cameras for leak tests) or 
without having to remove any equipment &om the pit. This is important from an ALARA 
standpoint and from a time to perform the task standpoint. Required tests must be able to be 
performed within their specified periodicity without impacting Waste Feed Delivery operations. 
This can only be accomplished by not having to remove the equipment and not having to 
perform a pit entry. 

w: This requirement is per HNF-1939. Rev. 0, Waste Feed Delivery Technical Basis, 
Volume 4, Waste Feed Delivery Operations and Maintenance Concepts, Section 3.5. 

Technical Safety Requirement (TSR) Required Surveillance 

Requirement: The service water pressure detection pressure detection systems shall be verified 
as operable. 

B&: This requirement is per HNF-SD- WM-TSR-006, LCO 3.1.2. 

Requirement: A functional test on the service water pressure detection systems shall be 
performed to verify a setpoint of 120 lblin2 gauge on increasing pressure. 

B&: This requirement is per HNF-SD-WM-TSR-006, LCO 3.1.2. 

Non-Technical Safety Requirement Inspections and Testing 

Requirement: Seat closure tests shall be performed for all transfer valves in accordance w i  ... 
the test methods in ASME B16.34 and API 598. Seat leakage from each flow side to the isolated 
port shall be within the limits specified in API 598. 

&&: This requirement is per HNF-4160, Piping, Jumper, and Valve System Specification, Rev. 
0. Section 4.1.2. b. 

Requirement: Shell tests shall be performed for all transfer valves in accordance with ASME 
B16.34. 

w: This requirement is per HNF-4160. Piping, Jumper, and Valve System Specification, Rev. 
0, Section 4.1.2.c. 

Requirement: All newly installed jumpers shall be leak tested prior to installation and use. 
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m: This requirement is based on good engineeringpractice and per AC 5.12 

Reauirement: Three-way valves on the jumpers shall be leak tested in all possible orientations 
prior to installation. This testing is in addition to the hydrotest of the pressure boundary of the 
jumper assembly. 

B&: This requirement is based on good engineering practice, ANSIASME B16.34. 

d. 

3.4.4 Maintenance 

a. 

b. 

C. 

d. 

e. 

Requirement: The design of valve manifolds, jumpers, and process instrumentation installed in 
process pits shall include features to minimize contamination of other equipment within the pit, 
and the pit itself, during routine operation and removal or repair activities. 

B A :  This requirement is per HNF-4160, Piping, Jumper, and Valve System Specification. Rev. 
0, Section 3.2.4.a. 

Reauirement: Jumpers and jumper components shall be repairable or replaceable within 24 
hours. This timeframe does not include preparatory work such as preparing procedures, staging 
personnel and equipment, preparatory training, fabrication of jumper or component. 

m: This requirement is per HNF-4160. Piping, Jumper, and Valve Sysiem Specifcation, Rev. 
0, Section 3.2.4.g. 

Requirement: The low-point leak detector sensors shall be repairable or replaceable within 8 
hours. Time to repair does not include preparatory work such as preparing procedures, staging 
personnel and equipment, or preparatory training. 

B A :  This requirement is per HNF-4160, Piping, Jumper, and Valve System Specification. Rev. 
0, Section 3.2.4.h. 

Requirement: Components internal to transfer associated structures shall be designed to be 
remotely removed, replaced, and operated. 

B A :  This requirement is per HNF-4160, Piping, Jumper, and Valve System Specification. Rev. 
0, Section 3.5.1.a. 

Requirement: Components external to transfer-associated structures shall be designed for 
minimal contact maintenance and hands-on operation. 

m: This requirement is per HNF-4160, Piping, Jumper, and Valve System Specification, Rev. 
0, Section 3.5.1.b. 
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f. 

g. 

3.5 

3.5.1 

Requirement: All components requiring maintenance, calibration, or hands-on operation shall 
be located external to the pits. Transmitters for the liquid level, flow, temperature, and pressure 
shall be located external to the pits. 

m: This requirement is per HNF-4160, Piping, Jumper, and Valve System Specification, Rev. 
0, Section 3.5. I.$ 

Requirement: Designs shall provide for the detection and isolation of electronic faults 
associated with valve position switches; and temperature, pressure, and flow elements. 

m: This requirement is per HNF-4160, Piping, Jumper, and Valve System Specification. Rev. 
0, Section 3.5.1.g. 

Other Requirements 

Security and Special Nuclear Material Protection 

There are no security or SNM protection requirements identified for the Piping, Jumper, and Valve 
System. 

3.5.2 Special Installation Requirements 

Requirement: Except for the check valves, all jumper valves shall be ball valves designed for 
installation in the stem-up position. 

m: This requirement is per HNF-4160. Piping, Jumper, and Valve System Speci$cation, Rev. 
0, Section 3.2.2.d. 

Requirement: Two-way valves shall be designed to close in the clockwise direction. 

B&: These requirements are per HNF-4160, Piping, Jumper, and Valve System Specification, 
Rev. 0, Section 3.2.2.n. 

Requirement: Taps for instrumentation and test connections shall be made on the top of the 
pipe. 

m: These requirements are per HNF-4160. Piping, Jumper, and Valve System Specification, 
Rev. 0, Section 3.2.2.q. 

Requirement: The valve position switches shall be located above the pit cover block. 

m: This requirement is per HNF-4160, Piping, Jumper, and Valve System Specification, Rev. 
0. Section 3.2.4.e. 
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5.5.3 

1. 

). 

*. 

1. 

Requirement: Waste transfer paths connected to active waste transfer routes shall be provided 
with two isolation valves. (Note: Three-way valves are considered isolation valves in the context 
of this requirement.) 

B-: This requirement is per HNF-4160, Piping, Jumper, and Valve System Specification, Rev. 
0, Section 3.3.6.3. b. 

Requirement: Valve manifolds, jumpers, and DST addition drop-legs shall be provided with 
lifting attachment points for installation of the assembly into position. Lifting attachment points 
for valve manifolds, jumpers, and DST addition drop-legs shall be designed such that the 
assembly can be adjusted to hang plumb within 1 in. (*2.54 cm) over its length during 
installation with a crane. Below-the-hook lifting hardware, if required, shall be designed and 
provided with the assembly. Design shall be in accordance with ANSUASME B30.2 and 
DOEIRL-92-36. 

B A :  This requirement is per HNF-4160, Piping, Jumper, and Valve System Specification, Rev. 
0, Section 3.5.1.d. 

Reliability, Availability, and Preferred Failure Modes 

Requirement: Removable components located beneath cover blocks including valves, in-line 
sensing devices, and jumpers shall have a design life of 12 years without maintenance. (TBR) 

M: This requirement is per HNF-4160, Piping, Jumper, and Valve System Specification, Rev. 
0, Section 3.2.3. b. 

Requirement: Valves manufacturers shall provide written recommendations of operational 
practices such as preventative maintenance to maximize the valves useful life. 

m: This requirement is per HNF-4160, Piping, Jumper, and Valve System Specipcation, Rev. 
0, Section 3.2.3.c. 

Requirement: Valves shall be designed for at least 1000 cycles over their design life. 

B A :  This requirement is per HNF-4160. Piping, Jumper, and Valve System Specification. Rev. 
0, Section 3.2.3.d. 

Requirement: Valve closure should be sufficiently slow enough to privent damage from water 
hammer. 

W: This requirement is per HNF-4160, Piping, Jumper, and Valve System Specification. Rev. 
0. Section 3.2.3.e. 

Reauirement: Where practical, pipe elbowbends shall have a bend radius greater than or equal 
to a long-radius elbow. 
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3.5.4 

a. 

b. 

3.5.5 

a. 

b. 

Basis: This requirement is per HNF-4160, Piping, Jumper, and Valve System Specification, Rev. 
0, Section 3.2.3.f: 

Quality Assurance 

Reauirement: Quality assurance for the Piping, Jumper, and Valve System shall be performed 
in accordance with HNF-IF'-0842, Volume XI, Section 1.0. 

B A :  This requirement is per HNF-4160, Piping, Jumper, and Valve System Specification, Rev. 
0, Section 4.0. 

Requirement: Design verification shall be performed on the Piping, Jumper, and Valve System 
subject to the procedure identified in RPP-PRO-1819, Section 2.9.1. 

&&: This requirement is per HNF-4160, Piping, Jumper, and Valve System Specification, Rev. 
0, Section 4.2. 

Miscellaneous 

Reauirement: The system shall label new equipment and/or modifications to existing 
equipment in a standardized format in accordance with the tank farm labeling program as 
specified in HNF-IP-0842, Volume 11, Section 6.1 

B A :  This requirement is per HNF-4160, Piping, Jumper, and Valve System Specification, Rev. 
0, Section 3.3.3.a. 

Reauirement: Valves shall be marked in accordance with ASME B16.34. In addition, the 
valve shall be provided with a stainless steel tag stamped with the following data: 

Valve working pressure, 
Maximum seat temperature rating, 
Trim material, 
Seat and seal material, 
Figure number, 
Year manufactured, and 
Manufacturers order number. 

m: This requirement is per HNF-4160, Piping, Jumper, and Valve System Specification. Rev. 
0, Section 3.3.3.b. 

Reauirement: Valve T-handles shall be uniquely identified by valve and pit number. 
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d. 

e. 

f. 

g. 

4.0 

4.1 

4.1.1 

&&: This requirement is per HNF-4160, Piping, Jumper, and Valve System Specification. Rev. 
0, Section 3.3.3.c. 

Reauirement: Valve manifolds, jumpers, and cover blocks shall be marked to indicate the 
center of gravity and weight. 

m: This requirement is per HNF-4160. Piping, Jumper, and Valve System Specification, Rev. 
0, Section 3.3.3.d. 

Requirement: All like equipment and parts shall be interchangeablehndardized to the 
maximum extent practicable. 

B A :  This requirement is per HNF-4160, Piping, Jumper, and Valve System Specification. Rev. 
0, Section 3.3.5. 

Requirement: Records, documents, and drawing control pertinent to design functions shall be 
in accordance with RPP-PRO-222 and RPP-PRO-224. Drafting standards for drawings and 
interface control shall be in accordance with RPP-PRO-709. 

m: This requirement is per HNF-4160, Piping, Jumper, and Valve System Specification, Rev. 
0, Section 3.4.a. 

Reauirement: All SSCs shall be incorporated into the master equipment list in accordance with 
"F-IP-0842, Volume 11, Section 6.1. 

m: This requirement is per HNF-4160. Piping, Jumper, and Valve System Specification, Rev. 
0, Section 3.4. b. 

SYSTEM DESCRIPTION 

Configuration Information 

Description of System, Subsystems, and Major Components 

The following sections provide a brief description of the major components of the Piping, Jumper, and 
Valve System. A simplified diagram of the system configuration is shown in Figure 4-1. 
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Figure 4-1. Piping, Valve, and Jumper System Configuration 

..1.1.1 Valve ManifolddJumpers 

h e  valve manifolds/jumpers provide a confined routing path for the transfer of tank waste among 
torage locations and for routing caustic, diluent, and flush water. The manifolds allow waste, 
austic/diluent, and flush water, to be routed from one nozzle location to another within a 
msfer-associated structure. In addition, drain jumpers allow waste to back-up enough to set off 
ncasement leak detectors while still allowing the encasements to fully drain to a transfer-associated 
tructure. The valve manifolds/jumpers will be made from rigid piping systems with male or female 
'UREX nozzle ends attached so that connections can be made remotely. The piping size will be 3 or 2- 
i depending on the size of the interfacing nozzle. All pipe material will be ASTM A3 12 type 304L 
tainless steel. The valves within valve manifolds are devices by which flow in the transfer system can 
e started, stopped, or regulated. Valves within transfer-associated structures will be manually or 
iotor-operated depending on how often the valves are operated and what amount of breakaway torque 
d l  be required. Manual-operated valves may be operated by reach rods and "T-handles" or by 
earboxes with handwheels external to the pits. Valve position sensors are local and remote indicators 
iat identify the position of the valve. Remote position indicators will indicate where flow is being 
orted or whether the valve is open or closed. The local indication will show the valve's precise position 
ased on mechanical devices connected to the valve stem. Motor operators and valve position indicators 

1ND Team Page 28 



RPP-7069, REVISION 0 

'IPING, JUMPER, AND VALVE 
;YSTEM DESIGN DESCRIPTION 

Report No. W-521-SDD-05, Rev. 2 
September 2000 

vi11 be located above the pit cover blocks. Pit and encasement leak detection will be provided by the 
IST Monitoring and Retrieval Control System (ref. W-521-SDD-04). 

1.1.1.2 In-Line Sensors 

remperature, pressure, density, and flow elements will be located on valve manifolds/jumpers in the 
ransfer-associated structures and will provide output signals to transmitters. The transmitters and 
;witches will be located outside of the pit for maintenance purposes. 

1.1.1.3 DST Addition Drop-Legs 

The DST Addition Drop-Legs route the waste or caustic/diluent into the tank through a riser. The 
hop-legs may also be provided with dispersion holes or ports to distribute the waste within the tank 
Irop-legs that extend below the waste level are provided with openings above the waste to prevent 
lrawing a vacuum when the transfer line is drained. 

1.1.2 Boundaries and Interfaces 

hbsystems that interface with the Piping, Jumper, and Valve System are the Transfer Pump System; the 
WP/WTF Piping System; the ValvePump Pits and Cover Block System; the ElectricaVWater Utilities 
jystem; the Diluent and Flush System; and the DST Monitoring and Retrieval Control System. The 
vaste transferred through the valve manifolds/jumpers interfaces with the Transfer Pump System, New 
'iping System, and the Diluent and Flush System at a PUREX-type connector that is part of the valve 
nanifold/jumper or anchored to the transfer-associated structure. The valve manifolds/jumpers interface 
vith the cover blocks at sleeves through the cover blocks for valve handles or electrical cables. The leak 
letection sensors and in-line sensors interface with the Electrical Utilities System and the DST 
vlonitoring and Retrieval Control System above grade at a plugged connections. Details of these 
nterfaces are identified in the W-521 Interface Control Drawings. 

1.1.3 Physical Location and Layout 

The physical location of each piping, jumper, and valve system for Project W-521 is identified in Table 
1-1. 
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(1) Includes safety class pressure elements. 

,’he piping used in the valve manifolds/jumper will be designed in accordance with the requirements of 
ASME B31.3. The piping material will be ASTM A312 Grade 304L stainless steel, Schedule 40. This 
selection is consistent with current RPP valve manifoldjumper projects (i.e., W-058, W-211, and W- 
314). 

Valve manifolds/jumpers will be designed, if possible, so that they do not cross over other jumpers. If a 
crossover is required, the line most likely to need removal will always be on top. These would include 
jumpers to pumps or jumpers containing valves or instruments that have a higher probability of failure. 
The jumpers will be designed and balanced for remote handling by a single lifting bail. When 
suspended by their lifting bail, the jumpers will assume their installed position, and will be capable of 
remaining in place on the male nozzle when unsupported by the crane, while the connectors are being 
impacted. Additional supporting dunnage with supports that rest on the pit floor may be added to 
support the jumper while the connectors are being impacted. Dunnage will be used to provide 
protectiodsupport during remote handling. The dunnage will be stainless steel. Four inch channel will 
be the preferred structural shape for dunnage. 

4.1.4 Principles of Operation 

The designed temperature range for the valve manifoldsijumpers will be 50-20OoF, which is the 
expected temperature extremes for the system. The designed maximum pressure for the piping is 450 
psig that is based on the pressure design limit of the PUREX Connectors. Jumpers will be designed to 
drain to in-pit equipment and will have no traps. 

Valves will fail in the “as-is” position, allowing waste to drain to the source and destination tanks. The 
flush system is isolated from the waste transfer system by two valves with redundant pressure 
transmitters between them on the jumper connecting the two systems. During waste transfer operations 
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- 
the valves are closed to isolate the flush system from the transfer system. If waste leaks by the first 
valve, the pressure transmitter will actuate an alarm and shut down the transfer pump. 

As indicated in Table 4-2, the piping, jumper, and valve system will be designed for a higher pressure 
than some of the existing intra-farm piping to which it is connected. Therefore, this piping will be 
protected from over pressurization by a relief in the transfer pump discharge jumper. A rupture disk will 
be located immediately upstream of and in line with the relief valve to keep the valve from becoming 
contaminated under normal conditions and thereby facilitate valve calibration and maintenance. At a 
pressure of 2 percent below the relief valve set pressure the rupture disk will rupture, an alarm will 
activate at the operator control station, and the relief valve will discharge into the tank from which the 
transfer is originating. The relief valve setting will also be based on the lowest maximum operating 
pressure of connected tank farm piping that can receive flow from the piping, jumper, and valve system. 

- 
E. 
4 4.1.5 

Line Connected 

275 psi 24 1 -AW-O3A SN-263 

24 I-AY-01 A 
241-AY-02A 
241-SY-01A 
241-SY-02A 
24 I-SY-03A 

400 psi SN-635 
SN-633 & -635 
SN-278 (New) 
SN-277 (New) 450 psi 
SN-279 (New) 

System Reliability Features 

>, , 

1 
c 2 

d .1" g" 

t: 
! 

6 
;$ * -- y 

,: 

i 

Although the valve manifolds/jumpers are designated as GS, Project W-521 will analyze tbe valve 
manifolds/jumpers to the SC design loads in RPP-PRO-097. The pressure switches on the service water 
tie-ins are designated as safety-significant items. These items will be designed, fabricated, installed, and 
inspected to SC requirements, however, since natural phenomena events were not a factor in the safety 
classification, these components will be analyzed to GS design loads. 

4.1.6 System Control Features 

System control features for the Piping, Jumper, and Valve System are described in the SDD for the DST 
Monitoring and Retrieval Control System. 

4.1.6.1 System Monitoring 

The pressure switches will be monitored continuously by the Master Pump Shutdown (MPS) System. 

4.1.6.2 Control Capability and Locations 

Control capability and locations will be defined as the design progresses. 
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4.1.6.3 Automatic and Manual Actions 

Pumps will automatically shut down upon activation of the pressure switches. 

4.1.6.4 Setpoints and Ranges 

Setpoints and ranges will be defined as the design progresses. 

4.1.6.5 Interlocks, Bypasses and Permissives 

These controls will be defined as the design progresses. 

4.2 Operations 

The WFD Operations and Maintenance (O&M) Philosophy provides the project with constraints and 
guidance on system operations and developing operations procedures. The O&M Philosophy and the 
WFD O&M Concept (HNF-1939) are the primary bases for developing the Project Operations Plan, 
The O&M Concept is strongly influenced by the primary interfaces with the WTF. Significant penalties 
and/or increased costs may be incurred for failure to provide waste feed of sufficient quality and 
quantity. Therefore, new facilities and upgrades of existing facilities are being designed such that there 
is minimal disruption of WFD due to system failures. System design and operation is optimized to 
support availability, reliability, and accommodate parallel processes where appropriate. Most of the 
concepts in the O&M Philosophy are related to keeping the WFD systems operating while supplying 
feed to the WTF and minimizing the shutdown time necessary for maintenance and repairs. 

Systems are designed to be as reliable as possible with little or no preventive maintenance or testing. 
The higher initial costs associated with more robust SSCs will be recovered through reduced down time, 
repairs, and avoiding contractual costs from the inability to provide feed to the WTF. The Operations 
Plan and Operations Procedures development are developed in coordination with interfacing projects to 
ensure a consistent O&M concept is implemented for all waste retrieval systems supporting WFD. The 
guidance for preparation and content of operations documentation is provided in HNF-IP-0842, Volume 
IV, Section 2.15 “Operations and Maintenance Planning Process” and on the RPP Systems Engineering 
Web Site. 

Prior to each initial system startup, readiness to start-up will be verified to meet the intent and 
requirements of the PHMC procedure for facilities startup and readiness, RPP-PRO-55 “Facilities Start- 
Up Readiness” which implements U.S. Department of Energy (DOE) Order 425.1, Startup and Restart, 
of Nuclear Facilities. The level and type of review will be conducted at the lowest practical level 
commensurate with the project safety risk. 

4.2.1 Initial Configuration (Pre-Startup) 

Prior to each transfer of waste through the new valve manifolds/jumpers, valve orientations will be 
physically verified for proper alignment. 
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4.2.2 System Start-up 

New piping, jumper, and valve systems will be started as part of the approved transfer procedures foi 
that specific tank and will be performed by qualified operators. 

4.2.3 Normal Operations 

New valve manifolds/jumpers will be operated in accordance with the approved operating procedures 
for each specific transfer. The operators will not have their attentions distracted by outside influences 
such as music radios, televisions, books not related to transfer operations, etc. In order to ensure that the 
control area operators are not distracted, it is recommended that they have no other duties other than to 
operate their cognizant systems. 

4.2.4 Off-Normal Operations 

Off-normal operations will be covered in the applicable operating and emergency response procedures 
for the specific transfer the new valve manifoldjumper is installed for. Generally, the response to an) 
off-normal situation will be to place the system in a safe, shutdown condition if operator response is no1 
likely to mitigate the situation. The on-duty operators may perform this shutdown in a controlled 
manner manually from the control area, or it may occur automatically, depending on the speed necessq  
to place the system in a safe condition. Loss of normal power scenario: upon loss of normal power and 
failure of backup power, a system flush must occur to keep waste in the lines from cooling and allowing 
dissolved solids to precipitate out, clogging transfer lines with precipitate. 

4.2.5 System Shutdown 

The valve manifolds/jumper piping systems will be shutdown as part of their respective transfer system 
operating procedures. 

4.2.6 Safety Management Programs and Administrative Controls 

These controls will be defined as the design progresses. 

4.3 Testing and Maintenance 

4.3.1 Temporary Configurations 

In order to perform some maintenance and testing activities, it may be necessary to align the system 
other than that for normal operations. Any situations requiring temporary configurations will be 
controlled via formal work procedures to ensure normal system configuration is restored when the 
maintenance or testing activity is complete. Under no circumstances will the system be allowed to 
operate with a temporary configuration until a formal temporary procedure change is written and 
approved. This procedure change process will ensure a USQ screening is performed and that the system 
will not be operated outside of its Authorization Basis. 
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4.3.2 TSR-Required Surveillance 

The TSR Required Surveillance’s related to maintenance and testing for the Piping, Jumper, and Valve 
System are as follows: 

SR 3.1.2.1 (verify that service water pressure detection systems are operable) - Once within 72 
hours prior to removing an administrative lock from a physically connected waste transfer pump. 

SR 3.1.2.2 (perform functional test on the service water pressure detection systems and verify a 
setpoint of 2 2 0  Ib/inz gauge on increasing pressure) - 365 days. 

4.3.3 Non-TSR Inspections and Testing 

Specific non-TSR inspections and testing for the Piping, Jumper, and Valve System have not been 
identified. However, appropriate preventive and predictive maintenance will be performed to maintain 
the equipment in a satisfactory condition throughout the design life. 

4.3.4 Maintenance 

Analysis will show acceptability over design life with no preventative maintenance. Maintenance on the 
piping, jumper, and valve system is expected to only be required for the process instrumentation and 
valving. The process instrumentation and valving at the valve/pump pits will be installed on removable 
piping jumpers. In addition, any regular maintained items are located outside the pit. The valve 
operators extend up through the cover blocks and therefore can be maintained without removal of any 
shielding. The valve manifold and jumper instrumentation requiring access under the cover blocks are 
the temperature RTDs and pressure transmitters. Spare RTDs have been installed so replacement of an 
RTD is not anticipated. Access to a pressure transmitter requires removal of a cover block(s). 

4.3.4.1 Post Maintenance Testing 

Specific post modification testing activities for the Piping, Jumper, and Valve System have not been 
identified. However, post maintenance testing will be conducted to ensure maintenance is properly 
performed, the identified’original deficiency is corrected, and the equipment is restored to an operational 
status. The rigor of post maintenance tests will be based on the extent of maintenance performed and 
the importance to plantkystem safety and reliability. Post maintenance testing will be performed and 
documented in accordance with HNF-IF’-0842, Volume V, Section 7.2 “Post Maintenance Testing” and 
HNF-IP-0842, Volume IV, Section 4.28 “Testing Practices Requirements.” ’ 
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4.3.4.2 Post-Modification Testing 

Specific post modification testing activities for the Piping, Jumper, and Valve System have not been 
identified. However, post modification testing will be essentially the same as post maintenance testing. 
It is performed to ensure that the safety related functions of a system still perform satisfactorily after the 
system or equipment has been modified. Post modification testing is performed in accordance with the 
same guiding documents used for post maintenance testing. 
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1.0 INTRODUCTION 

This System Design Description (SDD) identifies performance requirements, defines their bases, and 
provides references to the requisite codes and standards for the River Protection Project (RPP)/Waste 
Treatment Facility (WTF) Transfer Piping System which is part of the Waste Feed Delivery System 
(WFDS) Project W-521. This Transfer Piping System revision incorporates Level 2 requirements as 
specified in HNF-4161, Rev. 0, Double-Shell Tank Transfer Piping Subsystem Specifcation. This SDD 
addresses all new waste transfer lines to be installed by W-521 (ref. Table 4-1). 

1.1 System Identification 

The RPPNTF Transfer Piping System is double-walled underground piping that provides the primary 
and secondary confinement of the waste. Besides the primary and secondary confinement piping, the 
following major components are: 

Secondary confinement drain piping, 

Leak detection system. * 

*This SDD addresses the piping characteristics required to support leak detection. The leak 
detection elements are addressed in the Retrieval Control SDD (ref. W-52 1-SDD-04). 

Secondary confinement protection system, and 

1.2 Limitations 

This SDD revision was prepared in conjunction with the Advanced Conceptual Design (ACD) Phase of 
the WFDS Project W-521. Many of the sections contain information that is preliminary, or of a highly 
conceptual nature. This SDD will be a living document throughout the design phases of W-521, and 
will become more detailed as the design progresses through Definitive Design. Requirements were 
taken from the Double-Shell Tank Transfer Piping Subsystem Specification, HNF-4161, Rev. 0. The 
previous revision was based on the Draft Level 2 Specifications. 

1.3 Ownership 

The Project Engineer owns this SDD responsible for the RPP/WTF Transfer Piping System. 

1.4 Definitions 

General Service (GS) SSC - Structures, systems, or components (SSCs) not dassified as either Safety 
Class or Safety Significant. 

Manifold - Remotely installed rigid piping system inside a pit that transfers waste and flush water 
between nozzles. 
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'hysically Connected - Refers only to piping, tanks, and structures and their associated 
nstrumentation. 

Physically connected piping is any piping that is part of or connected to the transfer route. 
Piping need not be considered connected to the transfer route if it is physically disconnected as 
described below. 

An air gap (e.g., removal of piping, transfer jumper) is considered to physically disconnect 
piping on either side of the air gap; or 
A blind flangdprocess blank in the transfer route is considered to physically disconnect 
piping on either side of the blind flange or process blank; or 
An operable service water pressure detection system is considered to physically disconnect 
piping downstream of the first or second closed isolation valve of the detection system that is 
downstream of the source of pressurized WASTE, depending on how the system pressure 
boundary integrity is tested (see HNF-SD-WM-SAR-067, Chapter 4.0); or 
An OPERABLE backflow prevention system in the 204-AR Waste Unloading Facility is 
considered to physically disconnect piping downstream of the second isolation valve that is 
downstream of the source of pressurized WASTE; or 
Two Safeties - Significant isolation valves, INDEPENDENTLY VERIFIED to be in the 
closed position, are considered to physically disconnect piping on the downstream side of the 
second closed isolation valve that is downstream of the source of pressurized waste. 

(Note: Closed valves that are not designated as Safety-Significant do not physically 
disconnect piping from the transfer route). 

The East/West cross-site transfer line and replacement cross-site transfer lines are considered 
PHYSICALLY CONNECTED piping only when cross-site WASTE transfers are in progress. 
The East/West cross-site transfer line is the piping between 241-UX-154 diversion box and 241- 
ER-151 diversion box. The replacement cross-site transfer line is the piping between 241-SY-A 
and 241-SY-B valve pits and the 244-A lift station. 

PHYSICALLY CONNECTED structures are those structures through which PHYSICALLY 
CONNECTED piping runs, or structures that could be subject to leakage from PHYSICALLY 
CONNECTED piping. 

PHYSICALLY CONNECTED tanks are those tanks connected to the transfer route, those tanks 
connected to the PHYSICALLY CONNECTED piping, and those tanks designed to receive 
leakage from PHYSICALLY CONNECTED piping through a drain paih. 

'it Nozzle - Rigid male connector anchored in the pit wall or the transfer pump housing that provides a 
&-tight connection with the integral seal block attached to a manifold. 
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RF’P Design Authority - A  person qualified in the practice of engineering with four years demonstrated 
job related experience including two years in their specific functional areas. For nuclear structures, 
systems, or components, they shall have at least one-year nuclear experience. 

Safety Class (SC) SSC -An SSC that prevents or mitigates releases to the public that would otherwise 
exceed the offsite radiological risk guidelines, or to prevent a nuclear criticality. Those SSCs that 
support the safety hnction of a SC SSC may also be SC. 

Safety Significant (SS) SSC -An SSC that prevents or mitigates releases of radiological materials to 
onsite workers and toxic chemicals to the offsite public and onsite workers. Safety significant also 
describes worker safety SSCs that protect the facility worker from serious injury (or fatality) from 
hazards not controlled by institutional safety programs. Those SSCs that support the safety function of 
an SS SSC are also SS. 

Shall -Denotes a requirement. 

Tank Opening - Tank risers and pits with an open path to the tank. 

TBD - To be determined. A study and/or calculation need to be performed in order to provide a 
sufficient technical basis for the requirement. 

TBR - To be refined. A “sofl” basis for the requirement has been identified. However, a hrther study 
and/or calculation need to be performed in order to solidify the requirement’s technical basis. 

Transfer-Associated Structure - Pump pits, valve pits, diversion boxes, or cleanout boxes. 

Waste Feed -Waste sluny to be transferred to the WTF containing a mixture of solids and liquids. 

2.0 GENERAL OVERVIEW 

2.1 System Functions 

The overall mission of the RPP/WTF Transfer Piping System is to reliably deliver the required 
quantities of tank waste feed to the WTF on schedule, within specifications, and in conformance with 
regulatory, safety, and contractual requirements. To accomplish this mission, the RPPiWTF Transfer 
Piping System must meet the requirements of the following functions: 

Confine Waste Within Transfer Piping, 
Confine Waste Leakage Within Secondary Containment Piping, 
Confine DiluentiFlush Water Within DST Transfer Piping, and 
Detect Leaks to initiate appropriate actions. 
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The safety functions of the RPPNTF Transfer Piping System are as follows: 

Contain waste during transfers, 
Prevent the release of waste to the soil from a primary confinement pipe leak, 
Ensure that a leak in the primary piping is directed to a waste transfer associated structure, 
Provide awareness of underground transfer piping to prevent an excavation accident from 
rupturing the transfer lines, and 
Prevent exposure of the onsite and offsite worker to a spray release. 

!.2 System Classification 

rable 2-1 identifies the preliminary safety classification of new RPP/WTF transfer piping system 
:omponents as stated in HNF-SD-W-SAR-067, ECN 650166, and Tank Waste Remediation System 
TWRS) Final Safety Analysis Report (FSAR). 

Table 2-1. Preliminary Safety Classification of RPPWTF Transfer Piping System Components 
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Figure 2-1. RF’PlWTF Transfer Piping System Major Components 

LO 

i.1 

REQUIREMENTS AND BASES 

General Requirements 

Ais section identifies the general requirements for the R P P N T F  Transfer Piping System and the bases 
or these requirements. 

1.1.1 System Functional Requirements 

. Reauirement: The RPP/WTF Transfer Piping System shall confine waste within the primary 
confinement piping. 

m: This requirement is per HNF--4161, Double-Shell Tank Transfer Piping Subsystem 
Specification. Rev. 0, and Section 3.2. I .  I .  

Reauirement: The RPP/WTF Transfer Piping System shall be capable of confining waste 
leaked from the primary piping. 

8 .  
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m: This requirement is per HNF-4161, Double-Shell Tank Transfer Piping Subsystem 
Specification, Rev. 0, and Section 3.2.1.2. 

Requirement: The RPPiWTF Transfer Piping System shall confine diluent‘flush within the 
primary confinement piping. 

B&: This requirement is per HNF-4161, Double-Shell Tank Transfer Piping Subsystem 
Specification, Rev. 0, and Section 3.2.1.4. 

c. 

3.1.2 Subsystems and Major Components 

3.1.2.1 Primary Confinement Piping 

a. Requirement: The primary confinement piping shall confine waste or diluent‘flush water at a 
design pressure of 3 103 !&‘a (450 Ibf7in2 gauge). 

&&: This requirement is per HNF-4161, Double-Shell Tank Transfer Piping Subsystem 
Specification, and Rev. 0, Sections 3.2. I .  1.a. and 3.2.1.4.a, as modifiedper Design Authority 
direction. 

Requirement: Primary piping and encasements shall be fully drainable and shall be designed 
and fabricated to minimize crud traps. 

B&: This requirement is per HNF-4161. Double-Shell Tank Transfer Piping Subsystem 
Specification. Rev. 0, and Section 3.3.8.b. and 3.3.8.c. 

Reauirement: The primary piping shall support an interior corrosioderosion allowance of 0.4 
mils per year (0.01 mm per year) for the life of the system. 

E&: This requirement is derived from Internal Memo 77120-91-030, A.P. Larrick to J.M. 
Light, “Recommendation on Material Selection for Replacement of the Cross-Site Transfer Line, 
Project W-058,” datedApril22, 1991. The waste that will be transferred through the W-521 
R P P l W F  Transfer Piping System is assumed to be no more corrosive or cause more erosion 
rhat the waste transferred through the cross-site transfer system. 

b. 

c. 

3.1.2.2 Secondary Confinement Piping (including Drain Piping) 

a. Reauirement: The secondary confinement piping should confine wade at the same design 
pressure as the primary confinement pipe 

B&: This requirement is per HNF-4161, Double-Shell Tank Transfer Piping Subsystem 
Specification. and Rev. 0, to meet the Confine Waste Leakage Within Secondaly Confinement 
Piping, Section 3.2.1.2.a. 
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b. Reauirement: The secondary confinement piping shall extend through the concrete wall of 
transfer-associated structures to maintain secondary confinement. 

m: This requirement is derived from 4OCFR Part 265, Subpart J "Tank System." 

3.1.3 Boundaries and Interfaces 

Subsystems that interface with the RPP/WTF Transfer Piping System are the Piping, Jumper, and Valve 
System, the ElectricaWater Utilities System, the DST Monitoring and Retrieval Control System, the 
RPP /WTF and the Transfer-Associated Structures. These interface relationships are illustrated in 
Figure 3-1. 

3.1.3.1 Retrieval Control Systems 

Requirement: The leak detector sensor combined with the secondary confinement seal loop 
jumper (from the Transfer Valving Subsystem) shall be designed and operated such that it will 
detect the failure of the primary containment or the presence of any release of dangerous waste 
or accumulated liquid in the secondary containment system within 24 hours. The amount of 
anticipated leakage to actuate the leak detector shall be calculated during design of the system. 
The Washington State Department of Ecology, through the final status of permitting process, 
may approve or disapprove the final system design. 

m: This requirement is per  HNF-4161, Double-Shell Tank Transfer Piping Subsystem 
Specification, Rev. 0, and Section 3.2.1.3.a. 

Reauirement: The low point leak detector sensors shall be repairable or replaceable within 8 
hours. Tim to repair does not include preparatory work, such as preparing procedures, staging 
personnel and equipment, or conducting preparatory training. 

B f l :  This requirement is per  HNF-4161, Double-SheN Tank Transfer Piping Subsystem 
Specification. Rev. 0, and Section 3.2.4.a. 

Reauirement: The continuous leak detectors shall be repairable or replaceable within a B D  
hours. Time to repair does not include preparatory work, such as preparing procedures, staging 
personnel and equipment, or conducting preparatory training. 

B A :  This requiremen f is per HNF-4161, Double-Shell Tank Transfer Piping Subsysfem 
Specification, Rev. 0, and Section 3.2.4.b. 
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Figure 3-1. RPPWTF Transfer Piping System Interfaces 

1.1.3.2 Piping, Jumper, and Valve System 

I. Requirement: The RPPNVTF Transfer Piping System shall be designed to receive and transfer 
the waste, flush, or diluent coming from the Piping, Jumpers, and Valve System at a pressure not 
to exceed the design pressure. 

m: This requirement is per HNF-4161, Double-Shell Tank Transfer Piping Subsystem 
Specification, Rev. 0, and Section 3.1.2.1.1.a. 

Requirement: The WP/WTF Transfer Piping System shall be designed such that the leak 
detector sensor, combined with the secondary confinement seal loop jumper, will detect a leak. 

B A :  This requirement is per  HNF-4161. Double-Shell Tank Transfer Piping Subsystem 
Specification. Rev. 0, and Section 3.1.2.1.1. b. 

I. 

1.1.3.3 RPP Waste Treatment Facility 

. Requirement: The RPPNVTF shall provide a rupture disk at the low-point of the LAW and 
HLW secondary confinement piping to allow a leak to be routed to a transfer-associated 
structure. 
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Document Number 

m: This requirement is necessary to allow an inert gas atmosphere to be maintained in the 
secondary confinement space to protect the leak detection cable from condensation activation. 

Requirement: The WPiWTF shall route four 3-in. primary confinement with 6-in. secondary 
confinement transfer lines from the coordinates defined in ICD No. 19 and 20 to a transfer- 
associated structure. 

b. 

Title 

B d :  WTF Interface control document 19420. 

3.1.4 Codes, Standards and Regulations 

Design requirements applicable to the FWP/WTF Transfer Piping System come from government and 
non-government source documents and various codes and standards. Each document (of the exact 
revision identified) in this section is invoked by one or more requirements of this specification and 
represents a part of this specification to the extent specified. 

3.1.4.1 Government Documents 

DOE 6430.1A, 1989 

DOEITU-96-109, Rev. 2, 1999 

WAC 173-303-640,1999 

U.S. Department of Energy (DOE) orders and regulatory documents, including those promulgated by the 
Federal Government and Washington State constitute a part of this specification to the extent specified 
herein. The regulatory documents that form a part of this specification are listed in Table 3-1. 

Washington, D.C. 
General Design Criteria, US. Department of Energy, Washington, 
D.C. 
Hanford Site Radiological Control Manual (HSRCM-I), 
US. Department of Energy-Richland Operations Office, Richland, 
Washington. 
“Dangerous Waste Regulations,” Washington Administrative Code, 
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Document Number 
AASHTO, H20-44,1996 

ASMEB31.3,1999 

3.1.4.2 Non-Government Documents 

Title 
Standard Specification for HS-20, Highway Loading, American 
Association o f  State Highway and Transportation Officials. 
Process Piping, American Society o f  Mechanical Engineers, New York, 

I New York. 
1 Non-Desmrctive Examination, American Society of Mechanical ASME B&PV, Section V, 1998 

ities, American Society of  Mechanical Engineers, New York, New 
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Document Number 
HNF-SD-WM-SEL-040, Rev. 1,1998 

HNF-SD-WM-SP-012, Rev. 1, 1999 

HNF-SD-WM-TRD-007, Rev. E 
Draft, 1998 
HNF-SD-WM-TSR-006, Rev. 0-R, 
1999 
HNF-SD-GN-ER-501, Rev. 1, 1998 

HNF-SD-WM-HSP-002, Rev. 3A, 
1998 
HNF-5183, Rev. 0,1999 
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Title 
TWRS Facility Safety Equipment List, Lockheed Martin Hanford 
Corporation for Fluor Daniel Hanford, Richland, Washington. 
Operations and Utilization Plan, Numatec Hanford Corporation, 
Lockheed Martin Hanford Corporation and COGEMA Engineering 
Corporation for Fluor Daniel Hanford, Richland, Washington. 
Sysrem Speci$cationfor rhe DSTSystern, COGEMA Engineering for 
Fluor Daniel Hanford, Richland, Washington. 
Tank Waste Remediation System Technical Safety Requirements, Fluor 
Daniel Hanford, Richland, Washington. 
Natural Phenomena Hazards, Hanford Site, Washington, Numatec 
Hanford Corporation for Fluor Daniel Hanford, Richland, Washington. 
Tank Farms Health and Safety Plan, Lockheed Martin Hanford 
Corporation for Fluor Daniel Hanford, Richland, Washington. 
Tank Farms Radiological Control Manual, Fluor Daniel Hanford, 
Richland, Washington. 

1.2 

1.2.1 

1. 

1. 

,_ 

1.1.5 Operability 

Vo specific operational attributes have been identified for the RPP/WTF Transfer Piping System. 

Special Requirements 

Radiation and Other Hazards 

Requirement: The subsystem components shall be designed to perform their intended function 
in the chemical environment defined in HNF-2937. 

m: These requirements are per HNF-4161, Double-Shell Tank Transfer Piping Subsystem 
Specification. Rev. 0, and Section 3.2.5.2.1. 

Requirement: The subsystem shall be designed for the 1,000 rad/h radiation environment for 
direct contact with tank waste as designed in "F-2004. 

B A :  These requirements are per HNF-4161, Double-Shell Tank Transfer Piping Subsystem 
Specification, Rev. 0, and Section 3.2.5.2.2. 

Requirement: The subsystem components shall be fabricated using materials compatible with 
the pumping of solutions over the range specified in Waste Feed Delivery Transfer System 
Analysis, RPP-5346, Table 5-1. 

&&: These requirements are per  HNF-4161, Double-Shell Tank Transfer Piping Subsystem 
Specification, Rev. 0, and Section 3.2.5.2.3. 
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d. Reauirement: All system components that may become contaminated with radioactive or other 
hazardous materials under normal or abnormal operating conditions shall be designed to 
incorporate measures to simplify future decontamination and decommissioning in accordance 
with DOE Order 6430.1A, Section, and 1300-11. 

m: This requirement is per HNF-4161, Double-Shell Tank Transfer Piping Subsystem 
Specification, Rev. 0, and Section 3.3.8.a. 

3.2.2 ALARA 

a. Requirement: Routing and shielding of the transfer piping shall be designed to keep personnel 
exposures as low as reasonably achievable (ALARA) in accordance with RPP-PRO-1621 and 
RPP-PRO- 1622. 

m: This requirement is per HNF-4161, Double-Shell Tank Transfer Piping Subsystem 
Specifcation, Rev. 0, and Section 3.3.6.1.a. 

3.2.3 Nuclear Criticality Safety 

NIA 

3.2.4 Industrial Hazards 

a. Requirement: The system shall incorporate design features that comply with the requirements 
of HNF-SD-W-HSP-002 and other applicable safety and health requirements. 

B A :  This requirement is per HNF-4161. Double-Shell Tank Transfer Piping Subsystem 
Specifcation, Rev. 0, and Section 3.3.6.1. b. 

Operating Environment and Natural Phenomena 

Reauirement: The system shall be designed for the natural environmental conditions specified 
in HNF-SD-GN-ER-501. 

3.2.5 

a. 

m: These requirements are per HNF-4161, Double-Shell Tank Transfer Piping Subsystem 
Specification, Rev. 0, and Section 3.2.5.1 .a. 

Reauirement: The system shall be designed to withstand the natural phenomena hazards as 
specified in UP-PRO-097. 

m: These requirements are per HNF-4161, Double-Shell Tank Transfer Piping Subsystem 
Specijication, Rev. 0, and Section 3.2.5.1.b. 

b. 
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:. Requirement: All equipment installed in areas in and around the tank that are subject to 
ignition controls shall be designed to meet the requirements of HNF-SD-WM-TSR-006, Section 
5.10, “Ignition Controls.” Areas requiring controls are delineated in HNF-SD-WM-SAR-067, 
Appendix K. The Flammable Gas Equipment Advisory Board shall be consulted whenever the 
application or interpretation of the requirements is unclear. 

&@: These requirements are per HNF-4161, Double-Shell Tank Transfer Piping Subsystem 
Specification, Rev. 0, and Section 3.3.6.3.b. 

3.2.6 Human Interface Requirements 

rhere are no human-system interface requirements specific to the RPP/WTF Transfer Piping System. 

3.2.7 Specific Commitments 

rhere are no specific commitments not identified elsewhere. 

3*3 

3.3.1 

1. 

>. 

1.3.2 

1. 

). 

Engineering Disciplinary Requirements 

Civil and Structural 

Requirement: The system shall be designed to withstand soil loads imposed by an AASHTO 
H20-44 wheel loading and a 100,000-lb crane loading in the tank farm area. 

m: This requirement is per HNF-4161, Double-Shell Tank Transfer Piping Subsystem 
Specification, Rev. 0, and Section 3.3.6.2.c. 

Reauirement: Tank dome loading shall satisfy the requirements specified in HNF-IP-1266, 
Chapter 5.16. 

m: This requirement is per HNF-4161, Double-Shell Tank Transfer Piping Subsystem 
Specijkation, Rev. 0, and Section 3.3.6.2.6. 

Mechanical and Materials 

Requirement: Primary confinement piping should be 3-in (SO-mm) inside diameter 

B-: This requirement is per HNF-4161, Double-Shell Tank Transfer Piping Subsystem 
Specification. Rev. 0. and Section 3.2.2.a. 

Requirement: Transfer piping shall slope continuously from the high point(s) to a transfer- 
associated structure(s) with a minimum slope of 0.25%. 

m: This requirement is per HNF-4161, Double-Shell Tank Transfer Piping Subsystem 
Specification. Rev. 0, and Section 3.2.2.b. - “  
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:. Reauirement: The heat transfer properties of the as-installed piping subsystem shall be such 
that the waste heat loss is less than 25.6 Joules (26.2 BTUh per foot) ofpipe at the maximum 
waste temperature and flow rate. 

m: This requirement is per HNF-4161. Double-Shell Tank Transfer Piping Subsystem 
Specification. Rev. 0, and Section 3.2.2.c. 

Requirement: The primary confinement and secondary confinement piping and leak detector 
riser pressure boundary, shall be designed, fabricated, and installed in accordance with ASME 
B31.3. 

1. 

m: This requirement is per HNF-4161, Double-Shell Tank Transfer Piping Subsystem 
Specification. Rev. 0, and Section 3.3.1.a. 

Reauirement: The primary confinement pipe shall be ASTM A312, Type 304L, stainless steel. 

m: This requirement is per HNF-4161, Double-Shell Tank Transfer Piping Subsystem 
Specification, Rev. 0, and Secfion 3.3.1.b. 

:. 

3.3.3 Chemical and Process 

4ny applicable chemical and process-related requirements are covered in other sections. 

5.3.4 Electrical Power 

i. Reauirement: Electrical materials and equipment shall be Underwriter's Laboratories, Inc. 
(UL) listed, or factory mutual tested, with label attached, and for the purpose intended, whenever 
such products are available. Where no UL or factory mutual listed products are available, testing 
and certification by another nationally recognized testing agency may be acceptable, as long as 
the design agent documents the acceptance of the testing agency. 

m: This requirement is per HNF-4161, Double-Shell Tank Transfer Piping Subsystem 
Specifcation, Rev. 0, and Section 4.1.2.a. 

5.3.5 Instrumentation and Control 

Vo instrumentation and control requirements are identified for the RPP/WTF Tknsfer Piping System. 

1.3.6 Computer Hardware and Software 

Vo computer hardware and software requirements are identified for the RPP/WTF Transfer Piping 
;ystem. 
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3.3.7 Fire Protection 

No fire protection requirements are identified for the RPP/WTF Transfer Piping System. 

3.4 Testing and Maintenance Requirements 

3.4.1 Testability 

resting features shall be designed to implement testing requirements. System design shall incorporate 
features for verifying system operability. 

a. Requirement: All testing of equipment and instruments will have the ability to be performed 
without having to have personnel access pits (other than with video cameras for leak tests) or 
without having to remove any equipment from the pit. This is important from an ALARA 
standpoint and from a time to perform the task standpoint. Required tests must be able to be 
performed within their specified periodicity without impacting Waste Feed Delivery operations. 
This can only be accomplished by not having to remove the equipment and not having to 
perform a pit entry. 

m: This requirement is per HNF-1939, Rev. 0, Waste Feed Delivery Technical Basis, 
Volume 4, Waste Feed Delivery Operations and Maintenance Concepts, Section 3.5. 

Requirement: The subsystem shall provide the connections to periodically test the integrity of 
the primary and secondary confinement piping. 

m: These connections are required to perform the hydrostatic testing of the system. This 
requirement is per HNF-4161, Double-Shell Tank Transfer Piping Subsystem Specification. Rev. 
0. and Section 3.5.3. 

5 .  

3.4.2 TSR-Required Surveillance 

No TSR-Required Surveillances have been identified for the RF’P/WTF Transfer Piping System. 

3.4.3 Non-TSR Inspections and Testing 

i. Requirement: The encasement pipe will be examined in accordance with Paragraph 341 of 
ASME B3 1.3 for normal fluid service. The requirement for 5% random radiography will be 
increased to 20%. In-process examination in accordance with Paragraph 344.7 may be 
substituted for the radiographic examination. If in-process examination is used, the root pass 
shall be examined by either the liquid penetrant or magnetic particle method. 

B&: These requirements are per HNF-4161, Double-Shell Tank Transfer Piping Subsystem 
Specification. Rev. 0, and Section 4.1.2.b. 
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Requirement: In addition to the requirements of ASME B31.3, all secondary confinement 
piping welds will be examined by either the Liquid Penetrant Test or the Magnetic Particle Test. 
Longitudinal welds are the exception, which are the exception, which are required to be 
Ultrasonic Test examined. The Liquid Pentrant Test, Magnetic Particle Test, and Ultrasonic Test 
examinations will be performed in accordance wit the requirements of ASME Section V. The 
acceptance criteria for these examinations will be in accordance with the requirements of ASME 
Section 111. ND-5300. 

m: These requirements are per HNF-4161, Double-Shell Tank Transfer Piping Subsystem 
Spec$cation, Rev. 0, and Section 4.1.2.c. 

Requirement: Material coupons, traceable to the heat number(s) of the pipe, will be tested to 
verify that the chemical and physical properties comply with the applicable ASTM Standards for 
the pipe. Certified Material Test Reports for the pipe will be submitted as a quality record. 

B&: These requirements are per HNF-4161. Double-Shell Tank Transfer Piping Subsystem 
Specification, Rev. 0, and Section 4.1.2.d. 

Requirement: Secondary confinement piping shall be leak tested hydrostatically or 
pneumatically. Hydrostatic tests shall be performed at 150% of design pressure in accordance 
with the test methodology in ASME B31.3. Pneumatic tests shall be performed to 120% of 
design pressure in accordance with the test methodology in ASME B3 1.3. 

m: These requirements are per HNF-4161. Double-Shell Tank Transfer Piping Subsystem 
Specification, Rev. 0, and Section 4.1.2.e. 

Requirement: In addition to the requirements ofASME B31.3, all primary pipe welds shall be 
examined by 100% radiography. 

B A :  These requirements are per HNF-4161, Double-Shell Tank Transfer Piping Subsystem 
Specification, Rev. 0, and Section 4.1.2.t 

'.4.4 Maintenance 

. Requirement: The subsystem shall incorporate corrosion prevention and control features in 
accordance with WAC 173-303-640(3) for final status facilities and 40 CFR 265, Subpart J for 
interim status facilities; DOE Order 6430.1A, Section 0262; and DOE Order 5820.2A, Chapter 1, 
Section 3.b(2)(g). The design of the subsystem shall allow for detection of a leak within 24 
hours. 

m: This requirement is per HNF-4161. Double-Shell Tank Transfer Piping Subsystem 
Specijtcation, Rev. 0, and Section 3.3.6.2.a 
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J. Requirement: Below-grade portions of the system either shall not require preventive or 
corrective maintenance over the design life or shall be designed for preventive or corrective 
maintenance without requiring excavation. 

w: This requirement is per HNF-4161. Double-Shell Tank Transfer Piping Subsystem 
Speclfication, Rev. 0, and Section 3.5.1.a. 

3.5 Other Requirements 

3.5.1 

90 security or Special Nuclear Material (SNM) issues are associated with this system. 

5.5.2 Special Installation Requirements 

1. 

Security and Special Nuclear Material (SNM) Protection 

Requirement: Three-inch wide detectable plastic sheet marker tape shall be placed 
continuously above the transfer pipes in the backfill or berm soils. Route markers shall be 
provided at minimum of every 150 feet along the pipe line and at every change in direction to 
post the location of the underground transfer lines that are outside the Tank Farm fencing. A 
system of monuments and bench marks shall be provided along the pipeline routes. 

B A :  TWRS Technical Safety Requirenzents, HNF-SD- WM-TSR-006, Rev. 0-L, AC 5.12, 
Transfer Controls and AC 5.17, Excavation Controls. These physical characteristics are 
required to reduce the likelihood of excavation damage to the transfer lines. 

Reliability, Availability, and Preferred Failure Modes 

Requirement: The RPPIWTF Transfer Piping System shall have a design life of 35 years. 

m: This requirement is per HNF-4161, Double-Shell Tank Transfer Piping Subsystem 
Specification, Rev. 0, and Section 3.2.3.a. 

Requirement: Pipe bends in the primary confinement piping should have a minimum bend 
radius of five pipe diameters. 

m: This requirement is per the Radiological Design Guide, WHC-SD-GN-DGS-3001 I ,  
Section 3.4.2, and the HNF-4161, Double-Shell Tank Transfer Piping Subsystem Specijcation. 
Rev. 0, and Section 3.2.3.b. 

5.5.3 

I. 

). 
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1.5.4 

1. 

). 

1.5.5 

1. 

1. 

Quality Assurance 

Requirement: Quality assurance for the RPP/WTF Transfer Piping System shall be performed 
in accordance with IP-0842, Volume XI, and Section 1 .O. 

m: This requirement is per HNF-4161, Double-Shell Tank Transfer Piping Subsystem 
Specifcation, Rev. 0, and Section 4.0. 

Requirement: Design verification shall be performed on the RPP/WTF Transfer Piping System 
per the procedure identified in RPP-PRO-1819, Section 2.9.1. 

&&: This requirement is per HNF-4161, Double-Shell Tank Transfer Piping Subsystem 
Specification, Rev. 0, and Section 4.2. 

Miscellaneous 

Requirement: The system shall label new equipment andor modifications to existing 
equipment in a standardized format in accordance with the tank farm labeling program as 
specified in HNF-IP-0842, Volume 11, Section 6.1. 

m: This requirement is per HNF-4161, Double-Shell Tank Transfer Piping Subsystem 
Specification, Rev. 0, and Section 3.3.3.a. 

Requirement: Records, documents, and drawing control pertinent to design functions shall be 
in accordance with RPP-PRO-222, RPP-PRO-224. Drafting standards for drawings and 
interface control shall be in accordance with RPP-PRO-70. 

m: This requirement is per HNF-4161, Double-Shell Tank Transfer Piping Subsystem 
Specification, Rev. 0, and Section 3.4.a. 

Requirement: All Transfer Piping Subsystem structures, systems, and components (SSC) shall 
be incorporated into the master equipment list in accordance with HNF-IP-0842, Vol. 11, Section 
6.1. 
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m: This requirement is per HNF-4161, Double-Shell Tank Transfer Piping Subsystem 
Specification, Rev. 0, and Section 3.4. b. 

L O  SYSTEM DESCRIPTION 

1.1 Configuration Information 

1.1.1 

The new transfer piping will be buried and consist of a pipe-in-pipe configuration. The following 
xovides a brief description ofthe major components of the RPPiWTF Transfer Piping System. A 
;implified diagram of the system configuration is shown in Figure 4-1. 

Description of System, Subsystems and Major Components 

Figure 4-1. RPP/WTF Transfer Piping System Configuration 

1.1.1.1 Primary Confinement Piping 

The primary piping is used to confine waste as it moves between transfer-associated structures or from a 
ransfer-associated structure to the RPPNTF interface points. The primary piping is designed to be 
;elf-draining and is capable of moving waste in either direction. 

The primary confinement piping is 3-in., 304L stainless steel, Schedule 40. The only exception to this 

Pmtcwivc Jacket 
Low Dcnsiry Conrrctc 
Bedding Msictial 

for Conorion ProtFction 

ccondary Confinmmt 

Cootinnour Lrsk 

will  be in the replacement of 2TL-161 in the 241-AW Tank Farm and replacement of2” SL-180 in the 
141-SY Tank Farm. These lines will be replaced with 2”, ASTM A312 304L stainless steel, Schedule 
10 primary confinement piping. 
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4.1.1.2 Secondary Confinement Piping 

The secondary confinement piping confines any leakage from the primary confinement piping and 
gravity drains waste to a transfer-associated structure. The secondary piping provides the guides, 
deadweight supports, and anchors necessary to support the primary confinement piping. In addition, the 
secondary confinement piping shall provide standpipes, as required, for the installation and maintenance 
of the leak detectors and for integrity testing of the primary and secondary confinement piping. 

The secondary confinement piping is 6-in., ASTM A106 Grade B carbon steel, standard weight with 
epoxy coating to minimize external corrosion. The only exception to this will be in the replacement of 
2”SL-161 in the 241-AW Tank Farm and replacement of 2” SL-180 in the 241-SY Tank Farm. These 
lines will be replaced with 2” primary confinement piping with 4”, ASTM A106 Grade B carbon steel 
secondary confinement piping with epoxy coating. The transfer lines to the WTF will also include 
expansion loops for each line where the secondary confinement piping will increase to 12-in. ASTM 
A106 Grade B carbon steel, standard weight pipe. 

The safety functions of the secondary confinement piping are to prevent the release of waste to the soil 
and ensure that a leak is directed to a waste transfer-associated structure. An unobstructed void 
maintained between the primary and secondary confinement piping, and a sloped annular drain path to a 
transfer-associated structure on the low end where the leak can be detected will preserve the safety 
functions of the secondary confinement piping. 

4.1.1.3 Secondary Confinement Drain Piping 

Drain piping will drain waste from the secondary confinement piping low points into a transfer- 
associated structure. The transfer-associated structure shall provide the capability to accumulate a 
sufficient amount of leaked waste in the drain piping to ensure leak detection. 

Leak detectors shall be provided to detect waste leakage from the primary confinement piping into the 
secondary confinement piping. The leak detectors consist of low point detectors for all piping in the 
WFDS except the feed lines to the RFPIWTF that will utilize continuous leak detection cable. New 
piping in the SY Farm and replacement of 2” SL-161 in the AW Tank Farm will not have encasement 
leak detectors, but will rely on the pit leak detector (ref. W-521-SDD-04, DST Monitoring and Retrieval 
Control System). 

4.1.1.4 Secondary Confinement Protection System 

The secondary confinement piping is epoxy coated, foam insulated and jacketed for corrosion protection 
and heat retention. The secondary confinement piping is covered with 2-in. of rigid polyurethane 
insulation. The insulation jacket is directly applied on the foam insulation. 

4.1.2 Boundaries and Interfaces 
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jubsystems that interface with the RPP/WTF Transfer Piping System are the Piping, Jumper, and Valve 
;ystem, the ElectricaVWater Utilities System, the Retrieval Control System, and the RPPNTF. The 
waste transferred through the piping interfaces with the Piping, Jumper, and Valve System at a PUREX- 
ype connector anchored to the transfer-associated structure. The leak detection sensors in the secondary 
:onfinement piping interface with the Electrical Utilities System and the Retrieval Control System 
tbove grade at a plugged connections. The interface at the RPPNTF is as specified in ICD No. 19 and 
!O. 

1.1.3 Physical Location and Layout 

The physical location of each new transfer piping system is identified in Table 4-1. 

The piping is designed in accordance with the requirements of ASME B31.3. The material selection is 
:omistent with current RPP transfer line projects (i.e.,W-058, W-211, and W-314). The new transfer 
iiping systems will be designed with a minimum slope of lis inch per foot as required for gravity drain 
ines per the Uniform Plumbing Code (UPC). If this is not feasible due to existing obstructions, then the 
ines will incorporate a continuous slope ofgreater than 0.25 percent. 
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The design of the buried pipe for new transfer piping will incorporate expansion loops and concrete 
mchors. A typical expansion loop design will be used to maximize the length between expansion loops 
hus minimizing the number of expansion loops used. The encasement pipe at the loops is 12 inch 
;tandard weight pipe that reduces down to the 6 inch schedule 40 pipe for the straight runs of pipe. The 
arger pipe at the expansion loops will accommodate the expansion of the primary confinement pipe. 
inchors will be place between each expansion loop to force the thermal expansion of the primary pipe 
nto the expansion loop. Anchors will also be placed at the comers, or change in direction of the 
ipeline to withstand the thrust forces developed by the secondary pipe, both thermally and seismically. 
in anchor will be place outside of the transfer-associated structures to reduce the anchor forces at the 
vall of the structures. 

The buried transfer lines will be permanently marked with location markers. The warning indicators 
vi11 be closely spaced and easily seen. The markings will be legible and identify, by line number, 
)ipe(s) below grade. 

1.1.4 Principles of Operation 

The designed temperature range for the RPP/WTF Transfer Piping System will be 50-200°F, which is 
he expected temperature extreme for the system. The designed maximum pressure for the pipeline is 
150 psig that is based on the anticipated pressure required for transfer. The maximum allowable 
mssure of the secondary confinement piping will also be 450 psig. Although the encasements with 
eak detection cable will be designed to support this maximum allowable pressure, the code design 
ressure for these encasements will be set at 50 psig to minimize the required pneumatic test pressure. 

1.1.5 System Reliability Features 

’roject W-521 will design the transfer piping to safety-class criteria. Consistent with Projects W-058, 
N-211, and W-3 14, the design will follow the recommendations of the “Bush” assessment. The “Bush’’ 
tssessment recommended the use of ASME B31.3 with the following enhancements: 

To insure quality of piping materials, certified material test reports will be required from the 
manufacturer. In addition, test coupons will be taken from each heat of material and will be 
analyzed for physical and chemical properties by an independent testing laboratory. Material 
certifications for weld filler materials will also be required. 

100% volumetric examination (radiography) will be required on all piping welds 

rhese enhancements will be applied to the primary confinement piping. The secondary confinement 
)iping will be analyzed to safety-class seismic criteria, however, 20% random radiographic examination 
vill be applied. All secondary confinements will extend through the transfer-associated structure wall. 

The insulation jacket for the buried pipeline will be designed to withstand a standard HS-20 truck 
oading as defined in AASHTO HB-15. 
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4.1.6 System Control Features 

System control features for the RPPiWTF Transfer Piping System are described in the SDD for the DST 
Monitoring and Retrieval Control System. 

4.1.6.1 System Monitoring 

The leak detection sensors will be monitored continuously as defined in the DST Monitoring and 
Retrieval Control System. 

4.1.6.2 Control Capability and Locations 

Control capability and locations will be defined as the design progresses. 

4.1.6.3 Automatic and Manual Actions 

Pumps will automatically shut down upon activation of the leak detection sensors. This shut down 
function is installed by Project W-3 14. 

4.1.6.4 Setpoints and Ranges 

Setpoints and ranges will be defined as the design progresses 

4.1.6.5 Interlocks, Bypasses and Permissives 

These controls will be defined as the design progresses. 

4.2 Operations 

The WFD Operations and Maintenance (O&M) Philosophy provides the project with constraints and 
guidance on system operations and developing operations procedures. The O&M Philosophy and the 
WFD O&M Concept (HNF-1939) are the primary bases for developing the Project Operations Plan. 
The O&M Concept is strongly influenced by the primary interfaces with the WTF. Significant penalties 
andor increased costs may be incurred for failure to provide wasted feed of sufficient quality and 
quantity. Therefore, new facilities and upgrades of existing facilities are being designed such that there 
is minimal disruption of WFD due to system failures. System design and operation is optimized to 
support availability, reliability, and accommodate parallel processes where appropriate. Most of the 
concepts in the O&M Philosophy are related to keeping the WFD systems operating while supplying 
feed to the WTF and minimizing the shutdown time necessary for maintenance and repairs. 

Systems are designed to be as reliable as possible with little or no preventive maintenance or testing. 
The higher initial costs associated with more robust SSCs will be recovered through reduced down time, 
repairs, and avoiding contractual costs from the inability to provide feed to the WTF. The Operations 
Plan and Operations Procedures development are developed in coordination with interfacing projects to 
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ensure a consistent O&M concept is implemented for all waste retrieval systems supporting WFD. The 
guidance for preparation and content of operations documentation is provided in HNF-IP-0842, Volume 
IV, Section 2.1 5 “Operations and Maintenance Planning Process” and on the RPP Systems Engineering 
Web Site. 

Prior to each initial system startup, readiness to start-up will be verified to meet the intent and 
requirements of the PHMC procedure for facilities startup and readiness, RPP-PRO-55 “Facilities Start- 
Up Readiness” which implements U.S. Department of Energy (DOE) Order 425.1, Startup and Restart, 
of Nuclear Facilities. The level and type of review will be conducted at the lowest practical level 
commensurate with the project safety risk. 

4.2.1 Initial Configuration (Pre-Startup) 

In the transfer piping to the WTF, a continuous cable is run in the annular region between the primary 
and secondary confinement pipe. Before initial startup, this annular region is filled with an inert gas to 
minimize corrosion and prevent spurious leak detection alarms due to condensation. After the annular 
region is filled, valves on each end of each encasement section are then closed to isolate the purge gas. 
Rupture disks will be provided in the encasement pipe to ensure that a leak will be directed to a transfer- 
associated structure. 

4.2.2 System Startup 

New transfer piping systems will be started as part of the approved transfer procedures for that specific 
tank and will be performed by qualified operators. 

4.2.3 Normal Operations 

New transfer piping systems will be operated in accordance with the approved operating procedures for 
each specific transfer. The operators will not have their attentions distracted by outside influences such 
as music radios, televisions, books not related to transfer operations, etc. In order to ensure that the 
control area operators are not distracted, it is recommended that they have no other duties other than to 
operate their cognizant systems. 

4.2.4 Off-Normal Operations 

Off-normal operations will be covered in the applicable operating and emergency response procedures 
for the specific transfer the new piping is installed for. Generally, the response to any off-normal 
situation will be to place the system in a safe, shutdown condition if initial opeiator response does not 
mitigate the situation. The on-duty operators may perform this shutdown in a controlled manner 
manually from the control area, or it may occur automatically, depending on the speed necessary to 
place the system in a safe condition. Piping systems by themselves don’t normally have individual 
abnormal or emergency response procedures. 
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4.2.5 System Shutdown 

The RPP/WTF Transfer Piping Systems will be shutdown as part of their respective transfer system 
operating procedures. 

4.2.6 

These controls will be defined as the design progresses. 

4.3 Testing and Maintenance 

4.3.1 Temporary Configurations 

In order to perform some maintenance and testing activities, it may be necessary to align the system 
other than that for normal operations. Any situations requiring temporary configurations will be 
controlled via formal work procedures to ensure normal system configuration is restored when the 
maintenance or testing activity is complete. Under no circumstances will the system be allowed to 
operate with a temporary configuration until a formal temporary procedure change is written and 
approved. This procedure change process will ensure a USQ screening is performed and that the system 
will not be operated outside of its Authorization Basis. 

4.3.2 TSR-Required Surveillance 

Specific TSR-Required Surveillances for the RPPiWTF Transfer Piping System have not been 
identified. 

Safety Management Programs and Administrative Controls 

4.3.3 Non-TSR Inspections and Testing 

Specific non-TSR inspections and testing for the RPP/WTF Transfer Piping System have not been 
identified. However, appropriate preventive and predictive maintenance will be performed to maintain 
the equipment in a satisfactory condition throughout the design life. 

1.3.4 Maintenance 

Analysis will show acceptability over design life with no preventative maintenance. Maintenance on the 
piping system is expected to only be required for the leak detection sensors. For systems with low-point 
leak detection sensors, the sensors can be removed at grade through flanged riser ports. The leak 
detection cable is capable of identifying the location of breaks and shorts on the cable. Though 
infrequent, when either of these faults occur, pull ports will be provided approximately every 300 feet to 
permit the removal of nonfunctioning cable. 

1.3.4.1 Post Maintenance Testing 
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jpecific post maintenance testing activities for the RPP/WTF Transfer Piping System have not been 
dentified. However, post maintenance testing will be conducted to ensure maintenance is properly 
)erformed, the identifiedoriginal deficiency is corrected, and the equipment is restored to an operational 
;tatus. The rigor of post maintenance tests will be based on the extent of maintenance performed and 
he importance to plantkystem safety and reliability. Post maintenance testing will be performed and 
iocumented in accordance with HNF-IP-0842, Volume V, Section 7.2 “Post Maintenance Testing” and 
W-IP-0842, Volume IV, Section 4.28 “Testing Practices Requirements”. 

1.3.4.2 Post-Modification Testing 

Specific post modification testing activities for the RPP/WTF Transfer Piping System have not been 
dentified. However, post modification testing will be essentially the same as post maintenance testing. 
t is performed to ensure that the safety related hnctions of a system still perform satisfactorily after the 
iystem or equipment has been modified. Post modification testing is performed in accordance with the 
ime guiding documents used for post maintenance testing. 
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1 .O INTRODUCTION 

This System Design Description (SDD) identifies performance requirements, defines their bases, and 
provides references to the requisite codes and standards for the Waste Feed Delivery System (WFDS) 
Project, W-521 Transfer Pump System. The Advanced Conceptual Design (ACD) revision incorporated 
Level 2 requirements as specified in HNF-4162, Rev. 0, Double-Shell Tank Transfer Pump Subsystem 
Specijcation, Rev. 0. 

1.1 System Identification 

The transfer pumps and ancillary components described in this SDD provide the motive force to move 
waste kom source tanks to staging tanks and from staging tanks to the Waste Treatment Facility (WTF) 
via new and existing transfer lines. 

Transfer pumps are provided for the nine tanks included within the scope of Project W-521. Tanks 
included are: 241 -AW-101 ,241 -AW-103,241-AW-104,241-AY-101,241-AY-102,241 -SY-1 01,241 - 
SY-102, and 241-SY-103. 

The Transfer Pump System is a subsystem of the WFDS Project. It is comprised of five major 
subsystems/components. These are: 

Motor, 
Pump, 
Pump Monitoring & Control, 

Diluent Addition. 
Pump Suction Level Adjustment, and 

1.2 Limitations 

This SDD revision was prepared in conjunction with the Advanced Conceptual Design (ACD) Phase of 
the WFDS Project W-521. Many of the sections contain information that is preliminary, or of a highly 
conceptual nature. This SDD will be a living document throughout all design phases of Project W-521, 
and will become more detailed as the design progresses through Definitive Design. Requirements were 
taken from the Double-Shell Tank Transfer Pump Subsystem Speclfication, HNF-1462, Rev. 0. The 
previous revision was based on the Draft Level 2 Specifications. 

1.3 Ownership 

This SDD is owned by the Project Engineer responsible for Transfer Pump System. 
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1.4 Definitions 

Active-An active component is one that is part of the "as-built'' tank farms and has not been isolated anc 
disconnected from all other tank farm components as part of an approved Engineering Change Notice 
[ECN). 

Administrative Lock-A locking device that prevents an inadvertent equipment start. Administrative 
locks ensure that the equipment or systems@) being isolated andor controlled cannot be operated (e.g. 
:emoving the motive force of a transfer pump [e.g., electrical power, steam, water, or air] and installine 
rn administrative lock so that the transfer pump cannot be activated) until the administrative lock ir 
:emoved. 

General Service (GS) SSC - Structures, systems, or components (SSCs) not classified as either Safe9 
,lass or Safety Significant. 

Manifold-Remotely installed rigid piping system inside a pit that transfers waste and flush watei 
>etween nozzles. 

Physically Connected - Refers only to piping, tanks, and structures and their associated 
nstrumentation. 

Physically connected piping is any piping that is part of or connected to the transfer route. 
Piping need not be considered connected to the transfer route if it is physically disconnected as 
described below. 

- An air gap (e.g., removal of piping, transfer jumper) is considered to physically disconnect 
piping on either side of the air gap; or 
A blind flange/process blank in the transfer route is considered to physically disconnect 
piping on either side of the blind flange or process blank; or 
An operable service water pressure detection system is considered to physically disconnect 
piping downstream of the first or second closed isolation valve of the detection system that is 
downstream of the source of pressurized WASTE, depending on how the system pressure 
boundary integrity is tested (see HNF-SD-WM-SAR-067, Chapter 4.0); or 
An OPERABLE backflow prevention system in the 204-AR Waste Unloading Facility is 
considered to physically disconnect piping downstream of the second isolation valve that is 
downstream of the source of pressurized WASTE; or 
Two Safety - Significant isolation valves, INDEPENDENTLY VEWIED to be in the 
closed position, are considered to physically disconnect piping on the downstream side of the 
second closed isolation valve that is downstream of the source of pressurized waste. 

(Note: Closed valves that are not designated as Safety-Significant do not physically 
disconnect piping from the transfer route). 

- 

- 

- 

- 
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The East/West cross-site transfer line and replacement cross-site transfer lines are considered 
PHYSICALLY CONNECTED piping only when cross-site WASTE transfers are in progress. 
The EasWest cross-site transfer line is the piping between 241-UX-154 diversion box and 241- 
ER-151 diversion box. The replacement cross-site transfer line is the piping between 241-SY-A 
and 241-SY-B valve pits and the 244-A lift station. 

PHYSICALLY CONNECTED structures are those structures through which PHYSICALLY 
CONNECTED piping runs, or structures that could be subject to leakage from PHYSICALLY 
CONNECTED piping. 

PHYSICALLY CONNECTED tanks are those tanks connected to the transfer route, those tanks 
connected to the PHYSICALLY CONNECTED piping, and those tanks designed to receive 
leakage from PHYSICALLY CONNECTED piping through a drain path. 

Safety Class (SC) SSC - An SSC that prevents or mitigates releases to the public that would otherwise 
:xceed the offsite radiological risk guidelines, or to prevent a nuclear criticality. Those SSCs that 
upport the safety function of a SC SSC may also be SC. 

Safety Significant (SS) SSC - An SSC that prevents or mitigates releases of radiological materials to 
msite workers and toxic chemicals to the offsite public and onsite workers. Safety significant also 
lescribes worker safety SSCs that protect the facility worker from serious injury (or fatality) from 
iazards not controlled by institutional safety programs. Those SSCs that support the safety function of 
in SS SSC are also SS. 

Shall - Denotes a requirement. 

Should - Denotes a recommendation. If a “should” requirement cannot be satisfied, justification of an 
tltemative design shall be submitted to the Design Authority for approval. 

rank Opening - Tank risers and pits with an open path to the tank. 

TBD - To be determined. A study and/or calculation needs to be performed in order to provide a 
sufficient technical basis for the requirement. 

TBR - To be refined. A “soft” basis for the requirement has been identified. However, a further study 
mdor calculation needs to be performed in order to solidify the requirement’s technical basis. 

Waste Feed - Waste slurry to be transferred to the WTF containing a mixture of solids and liquids. 
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2.0 GENERAL OVERVIEW 

2.1 System Functions 

The overall mission of the Transfer Pumping System is to reliably deliver the required quantities of tank 
waste feed to transfer piping systems which transmit the waste to the treatment and immobilizatior 
facilities on schedule, within specifications, and in conformance with regulatory, safety, and contractual 
requirements. 

Source tanks typically have three waste layers. The bottom layer, referred to as the non-convective 
layer, contains compacted saltskettled solids. The second layer is a liquid supernatant layer with a higk 
concentration of sodium salts. The third layer (not present in all tanks) is called a crust, made up ol 
partially dried solids floating on top of the supematant layer. 

Depending upon the processing needs at the various tanks, two types of transfers will be required. Ir 
LAW tanks, transfer pumps must be capable of pumping from a variable suction level that will allo\* 
pumping of supematant liquids with only a minimal amount of entrained solids. In HLW tanks, the tank 
contents will be mixed with mixer pumps and the blended tank contents transferred. Some tanks require 
both types of transfer capabilities. Also, in some cases, it will be necessary to transfer waste while 
mixer pumps are operating in order to keep solids sufficiently entrained. In Section 4.0 below, Table 4-1 
shows the transfer pump requirements for each tank. 

The HNF-4162, Double-Shell Tank Transfer Pump Subsystem Specification, Rev. 0, identifies a ‘‘suite’’ 
of functions that apply to transfer pumps under the “Convey Waste” third tier functions. These include: 

Position Transfer Pump Suction, 
Pump Waste/Diluent, 
Confine Waste in Transfer Pump, 
Monitor Transfer Pump Operation, and 
Monitor Position of Transfer Pump Suction Intake. 

2.2 System Classifications 

Transfer pumps are classified as general service. They will, however, meet the flammable gas control 
requirements. Further, until supplemental direction is provided by the project, it is assumed that safety 
significant impact limiters will be required during installation of the pump. This approach is consistent 
with Project W-211 as documented in the preliminary safety documentation. . 
2.3 Basic Operational Overview 

LAW and HLW transfers take two primary forms with each requiring somewhat different pumping 
arrangements. LAW supernatant transfers involve the transport of liquid wastes from the supernatanl 
level with the minimum amount of solids possible. If mixing of the tank contents has taken place. 
insoluble solids are allowed to settle out prior to transfer. For this type of transfer, a pump is installed 
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with an adjustable suction level device. This device is configured to allow the waste to be pumped from 
a point above the sludge/liquid interface. Figure 2-1 is a conceptual representation of one possible 
:onfiguration of an adjustable suction pump. 

HLW transfers involve mobilization (mixing) of the tank contents with mixer pumps prior to transfer. 
The intent is to provide a homogeneous mixture of the tank contents to the WTF. For this type of 
ransfer the adjustable suction level is not needed; a single full-length pump will suffice. Figure 2-2 
xovides a representation of an installed full-length pump. 

?nor to transfers, waste will be sampled, characterized, and recirculated. If needed, chemically treated 
ind pre-heated water (referred to as diluent) can be added to the waste at the pump suction or to the tank 
iquid surface to make it conform to the WTF acceptance criteria or meet the bounding waste 
:haracteristics for transfers. 
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Figure 2-1. Adjustable Suction Pump System Configuration 
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Figure 2-2. Full-length Transfer Pump System Configuration 
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1.0 REQUIREMENTS AND BASES 

1.1 General Requirements 

h i s  section identifies the general requirements for the Transfer Pump System and the bases for these 
.equirements. 

1.1.1 System Functional Requirements 

rhis section contains all requirements related to physical characteristics (maximum/minimum physical 
:ize, weight, shape, etc.). 

L. Reauirement: The Transfer Pump System shall be capable of removing supernatant, dissolved 
salts, and suspended solids from source tanks and transfemng them to destination tanks in 
accordance with the following parameters: 

1. The transfer pump design operating point shall be 140 gaVmin at 725 ft head (530 L/min at 
2 17 meters) <TBR> 

2. The transfer pump shall have a continuously rising headlcapacity curve from the design point 
to the shut off head. 

3. The shut off pressure of the transfer pump should not exceed 450 Iblin’ gauge (3.1 Mpa) for 
waste specific gravity 1.4. <TBR> 

4. The transfer pump should be able to remove waste to within 10 in. of tank bottom. 

5. The transfer pump hydraulic performance design shall be based on the assumed following 
newtonian fluid properties <TBR> after in-line dilution and mixing at transfer pump suction. 

Specific Gravity 1.4 
0 Viscosity 30 centipoise QBR> 

Solids Content 30 percent by volume 
Temperature 195 O F  

m: This requirement is per  HNF-4162, Double-Shell Tank Transfer Pump Subsystem 
Specification, Rev. 0, Sections 3.1.2.1.3.6, 3.2.1.1.a, 3.2.1.l.c, and3.2.L.I.e. 
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Requirement: Transfer pumps required to pump supernatant or dissolved salts (decant 
operations) shall be capable of taking suction in accordance with the following criteria. 

0 The system shall be capable of adjusting the pump suction from IO-in, to 20 A. 
e The system shall be capable of starting to within 46-in. of tank bottom. 
0 The system shall be capable of positioning the suction intake for all transfer pumps 

within 4-in. (10.2 cm) <TBR> of the desired position. 

m: This requirement is HNF-4162, Double-Shell Tank Transfer Pump Subsystem 
Specifcation. Rev. 0, Sections 3.1.2.1.2, 3.2.1.2.a, and 3.2.1.2.b. 

Requirement: The transfer pump shall be designed to pump fluids with the range of properties 
defined in RPP-5346. Table 5-1. 

&&: This requirement is per HNF-4162, Double-Shell Tank Transfer Pump Subsystem 
Specification, Rev. 0, Section 3.2.5.2.5. 

Requirement: The primary confinement shall be sized to maintain waste velocities greater than 
6.0 A/s (1.8 d s )  a B R >  at a flow rate 2 140 gaVrnin (530 L/min) 

B&: This transfer velocity provides suflcient energy to keep all expected solids suspended 
during waste transfer (re$ HNF-2938, Appendix F.1.4). 

Reauirement: The transfer pump shall be capable of delivering 10.1 L/s (160 gaVmin) <TBR> 
(2.16 d s  [7.1 Ws] a B R >  in 80 mm [3 in.] schedule 40 pipe) at heads ranging from 195 m (640 
ft) a B R >  down to 15 m (50 ft), as measured at the pump discharge above the mounting flange. 

&&: This requirement is per HNF-4162, Double-Shell Tank Transfer Pump Subsystem 
Specifcation. Rev. 0, Section 3.2.1.1. b. 

Requirement: The transfer pump shall deliver rated head and flow at a minimum net positive 
suction head available (NPSH.) of4.6 m (15 ft.) <TBR>. 

m: This requirement is per HNF-4162, Double-Shell Tank Transfer Pump Subsystem 
Specification, Rev. 0, Section 3.2.1. I.$ 

Requirement: The shutoff head of the transfer pump shall not exceed 268 m (880 ft.) <TBR> as 
measured at the pump discharge above the mounting flange. 

m: This requirement is per HNF-4162, Double-Shell Tank Transfer Pump Subsystem 
Specification, Rev. 0, Section 3.2.1.1.d. 
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3.1.2 Subsystems and Major Components 

The Transfer Pump System includes four Primary components as defined in HNF-4162 including: 
Motor, Pump, Pump Monitoring & Control, and Pump Suction Level Adjustment. A fifth component, 
Diluent AdditioniFlush, is added to provide provisions for functional requirements that do not fit into the 
3ther four. 

I .  Requirement: The Transfer Pump System shall accept and route diluent to the pump suction 
intake. 

Basis: This requirement is per HNF-4162, Double-Shell Tank Transfer Pump Subsystem 
Specification. Rev. 0, Section 3.2.1.5. 

3.1.3 Boundaries and Interfaces 

The Transfer Pump System has interfaces with six other systems. Figure 3-1 provides a representation 
,f the primary interfaces for the Transfer Pump System. 

I .  Requirement: The raw water system shall have the capacity to provide water to flush the 
transfer pump seal or internal components, if required by design. 

B d :  This requirement is based on engineering judgment related to known possible pump 
requirements. 

Figure 3-1. Primary Interfaces for the Transfer Pump System 
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b. 

C. 

Reauirement: The Transfer Pump System shall be provided with an adapter flange capable of 
mating to a bag-out assembly for retracting the transfer pump into a “flexible receiver” during 
pump removal operations. 

m: This requirement is per HNF-4162, Double-Shell Tank Transfer Pump Subsystem 
Specification, Rev. 0, Section 3.2.2.g. 

Requirement: A “flexible receiver” and associated high-pressure water wash system shall be 
provided for decontamination and containment of the transfer pump as it is retracted from the 
tank in preparation for final waste packaging. All hardware needed to remove and replace a 
failed pump is part of this system. 

&&: This requirement is based on the Project W-521 equipmerit retrieval and disposal 
approach. 

3.1.4 Codes, Standards and Regulations 

3.1.4.1 Government Documents 

U.S. Department of Energy (DOE) orders and regulatory documents, including those promulgated by the 
Federal Government and Washington State constitute a part of the requirements for this SDD. These 
regulatory documents are listed in Table 3-1. 

Table 3-1. Government Documents 
Document Number Title 

DOE 5820.2A, 1988 

DOE 6430.1A, 1989 

DOEiRL-96-109, Rev. 0 

Radioactive Waste Management, U.S. Department of Energy, 
Washington, D.C. 
General Design Criteria, US.  Department of Energy, Washington, 
D.C. 
Hanford Site Radiological Control Manual (HSRCM-I). 
US. Depamnent of Energy-Richland Operations Office, Richland, 
Washington. 
Resource Conservation and Recovev Act of 1976, 42 USC 6901. 
Occupational Radiation Protection, Code of Federal Regulation, 
dated 11/98, Washington, D.C. 

RCRA, 1976 
10 CFR 835 

3.1.4.2 Non-Government Documents 

National codes, standards, and the documents that form a basis for the Transfer Pump System 
requirements are listed in Table 3-2. Note: The RPP-PROS implement federal and state regulations and 
DOE orders. In addition, it should be noted that some requirements are based on the existing 
authorization basis documents (“F-SD-WM-SAR-067, HNF-SD-WM-TSR-006, etc.). The 
Authorization Basis requirements may be changed, if necessary, after analysis and justification of the 
resulting risk being incurred have been outlined in a final safety analysis report (FSAR) amendment and 
approval is obtained from DOE Office of River Protection. In addition, the list of procedures is not 
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Document Number 
AASHTO, H20-44, 1996 

ASMEB31.3,1999 

ASME B&PV, Section V, 1998 

ASME B&PV, Section IV 

Title 
Standard Specificazion for HS-20, Highway Loading, American 
Association of State Highway and Transportation Officials. 
Process Piping, American Society of Mechanical Engineers, New York, 
New York. 
Nan-Desnuctive Examination, American Society of Mechanical 
Engineers, New York, New York. 
Heating Boilers, American Society of Mechanical Engineers, New 

1 York, New York. 
1 Emergency Eyewash and Shower Equipment, American National ANSI 2358.1-1990 

ASMENQA-1,1994 Nuclear Quality Assurance Program Requirements for Nuclear 
Facilities, American Society of Mechanical Engineers, New York, New 
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Title 
Lockheed Martin Hanford Corporation and COGEMA Engineering 
corporation for Fluor Daniel Hanford, Richland, Washington. 
System Specification for the DSTSystem, COGEMA Engineering for 
Fluor Daniel Hanford, Richland, Washington. 
Tank Waste Remediation System Technical Safety Requirements, Fluor 
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September 2000 

HNF-SD-WM-HSP-002, Rev. 3A, 
1998 
HNF-5183, Rev. 0. 1999 

Hanford Corporation for Fluor Daniel Hanford, Richland, Washington. 
Tank Farms Health and Safety Plan, Lockheed Martin Hanford 
Corporation for Fluor Daniel Hanford, Richland, Washington. 
Tank Farms Radiological Control Manual. Fluor Daniel Hanford, 

1999 I Daniel Hanford. Richland. Washington I 
NACE RP 0169-96 1996 
HSF-SD-GN-ER-501, Rev. I ,  1998 

I Conrrol o/Errernal Coiro>ion Engineers, Houston, Texas 
1 A’uarural Phrvoniena Harurds. Hanford Sire, Washmgton, Numatec I 

1. Requirement: The system shall comply with the general design guidelines provided in DOE 
Order 6430.1A, Sections 1300,1323, and 1550-99.0. 

Basis: This requirement is per  HNF-4162, Double-Shell Tank Transfer Pump Subsystem 
Specification, Rev. 0, Section 2.1. 

L1.5 Operability 

f i e  controls for the Transfer Pump Systems have been identified (LMHC 1999a, 1999b, & 1999~). 
rhese controls include designation of new safety class pieces of equipment, several safety significant 
Iieces of equipment, and the application of the existing Technical Safety Requirements (TSRs), and 
qdministrative Controls (ACs) to the transfer activities. Analyzed accidents include various flammable 
:as deflagration scenarios and spray leaks from dilutiodflush water systems. Identified safety 
Ltructures, systems, and components include: 

a Tank level monitoring systems, 
a 

a 

Dilutiodflush water pressure switches and flow preventers, and 
Instrumentation required to implement TSRs & ACs associated with transfer pump 
operations. 

Nhile not all of these requirements are directly applicable to this system, this system interfaces with 
;ystems where these are directly applicable. The Limited Conditions for Operation (LCOs), Technical 
iafety Requirements (TSRs), and Administrative (ACs) specified are as follows: 

i. Requirement: Service Water Pressure Detection Systems shall be opkable 

m: This requirement is per HNF-SD- WM-TSR-006, Rev. 1, Tank Waste Remediation System 
Technical Safety Requirements, Section 3.0, LCO 3.1.2. Service Water Pressure Detection 
System. This requirement applies since the retrievaNtransfer pumps will have dilution/flush 
capabilities and could possibly be subjected to pump discharge pressure. 
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3. 

,. 

i. 

I. 

1.2 

1.2.1 

Requirement: Transfer leak detection systems shall be OPERABLE. 

&&: This requirement is per HNF-SD- WM-TSR-006, Rev. 1. Tank Waste Remediation System 
Technical Safety Requirements, Section 3.0, LCO 3.1.3. This requirement applies since there will 
be physically connected transfer pumps not under administrative lock. 

Requirement: An active primary tank ventilation system shall be operable during operation of 
transfer pumps. 

m: This requirement is per HNF-SD- WM-TSR-006, Rev. I ,  Tank Waste Remediation System 
Technical Safety Requirements, Section 3.0, LCO 3.2.1. This LCO is applicable since all waste 
DISTURBING ACTIVITIES and operations are required to be stopped immediately i f  active 
primary ventilation system becomes inoperable. 

Requirement: One ofthe two primary tank leak detection systems listed below shall be 
operable during pump operation. 

1. 
2. 

&&: This requirement is per HNF-SD- WM-TSR-006. Rev. 1. Tank Waste Remediation System 
Technical Safety Requirements, Section 3.0, LCO 3.2.6. This requirement applies since 
retrievalhransfer pumps will have to be shut off ifprimary tank leak detection becomes 
inoperable. 

Requirement: The WASTE temperature shall be either: 

1. 
2. 

B A :  This requirement is per HNF-SD-WM-TSR-006, Rev. 1. Tank Waste Remediation System 
Technical Safety Requirements, Section 3.0, LCO 3.3.2. 

Requirement: A program shall be maintained for administrative lock controls on waste transfer 
pumps to minimize the potential for inadvertent pump starts. 

m: This requirement is per HNF-SD- WM-TSR-006. Rev. I ,  Tank Waste Remediation System 
Technical Safety Requirements, Section 5.0, AC 5.20. This requirement applies since there are 
several program elements related to transfer pumps and physically connected transfer lines. 

Special Requirements 

Radiation and Other Hazards 

The annulus conductivity probe system, or buoyancy type instrument. 
The annulus continuous air monitor (CAM) system. 

195°F in all levels ofthe WASTE, or 
I 195°F in the top 15 ft. ofthe waste, and I215'F in the waste below 15 ft. 
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a. 

b. 

C. 

d. 

e. 

f. 

5. 

Requirement: All equipment including sensing devices required to be installed in and around a 
tank that are subject to ignition controls, shall be designed in accordance with HNF-SD-WM- 
TSR-006, Section 5.10. 

B&: This requirement is per HNF-416, Double-Shell Tank Transfer Pump Subsystem 
Specification, Rev 0, Section 3.3.6.3.b. 

Requirement: The system shall be designed for the maximum bounding radiation environment 
for direct contact with waste as defined in HNF-2004. 

&&: This requirement is per HNF-4162, Double-Shell Tank Transfer Pump Subsystem 
Specification, Rev. 0. Section 3.2.5.2.2. 

Requirement: The system design shall provide means of internally flushing the pump bowl or 
volute to reduce internal contamination levels before and during pump removal fiom the tank. 

Basis: This requirement is per HNF-4162, Double-Shell Tank Transfer Pump Subsystem 
Specification. Rev. 0, Section 3.3.8.d. 

Requirement: Designs should simplify cut-up, dismantlement, removal, and packaging of 
contaminated pumps in accordance with DOE Order 6430.1A, Section 1300-1 1.2. 

B&: This requirement is per HNF-4162, Double-Shell Tank Transfer Pump Subsystem 
Specification, Rev. 0, Section 3.3.8. b. 

Requirement: Pump cavities that are in contact with liquid waste should be h l ly  drainable and 
accessible for remote flushing andor decontamination. 

Basis: This requirement is per HNF-4162, Double-Shell Tank Transfer Pump Subsystem 
Specijication, Rev. 0, Section 3.3.8.c. 

Requirement: All components that may become contaminated with radioactive or other 
hazardous materials under normal or abnormal operating conditions shall be designed to 
incorporate measures to simplify future decontamination and decommissioning in accordance 
with DOE Order 6430.1A, Sections 0110-99.0.1, 0205-2, and 1300-1 1. 

&&: This requirement is per HNF-4162, Double-Shell Tank Transfe; Pump Subsystem 
Specification, Rev. 0, Section 3.3.8.a. 

Reauirement: Internal and external cracks, crevices, and hold-up points shall be minimized to 
facilitate pump cleanup for disposal. 

m: This requirement is per HNF-4162, Double-Shell Tank Transfer Pump Subsystem 
Specification. Rev. 0, Section 3.3.8.e. 

~~ 
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3.2.2 

a. 

3.2.3 

NIA 

3.2.4 

ALARA 

Requirement: The radiological design review process of RPP-PRO-1622 shall be used to keep 
personnel exposures ALARA. 

Basis: This requirement is HNF-4162, Double-Shell Tank Transfer Pump Subsystem 
Specification, Rev. 0, Section 3.3.6.1.a. 

Nuclear Criticality Safety 

Industrial Hazards 

gone identified at this time. 

3.2.5 Operating Environment and Natural Phenomena 

Requirement: The transfer pump shall be able to withstand the thermal shock of a 38°C 
(100'F) temperature difference, corresponding to insertion of a cold pump in a hot tank and the 
use of cold flushldilution water into a hot pump. 

Basis: This requirement is HNF-4162, Double-Shell Tank Transfer Pump Subsystem 
Specification. Rev. 0, Section 3.2.5.2.4.b. 

Requirement: The system shall be designed for the natural environmental conditions specified 
in "F-SD-GN-ER-501. 

B A :  This requirement is per HNF-4162, Double-Shell Tank Transfer Pump Subsystem 
Specifcation, Rev. 0, Section 3.2.5.1.a. 

Reauirement: The system shall be designed to withstand the natural phenomena hazards as 
specified in RPP-PRO-097. The system does not have to operate after a design basis earthquake; 
it only needs to be removable from the tank. 

&: This requirement is per HNF-4162, Double-Shell Tank Transfer Pump Subsystem 
Specification, Rev. 0, Section 3.2.5.1.6. 

Requirement: Prior to installation of a transfer pump, it shall be verified that no interferences 
exist below the riser that would prevent full insertion of the pump. 

Basis: This requirement is per RPP-5982, Elimination of Retrieval Risks Caused by Structural 
Variations and Debris in Tanks, Rev 0. Certain tanks are known to have failed equipment (i.e., . .  

pumps, cables, pipe, etc.), lying on the tank bottom. 
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:. Reauirement: The in-tank temperature range for transfer pump design is 10 to 104" C (50 to 
220°F). 

Basis: This requirement is per HNF-4162, Double-Shell Tank Transfer Pump Subsystem 
Specification, Rev. 0, Section 3.2.5.2.4. b. Note: W-521 will not meet requirement as waste 
would boil at referenced temperature. CHG to revisit specification requirement. 

Requirement: The DST Transfer Pump Subsystem shall be physically supported by the DST 
Confinement Subsystem. 

Basis: This requirement is per HNF-4162, Double-Shell Tank Transfer Pump Subsystem 
Specijication, Rev. 0, Section 3. I .  2. I .  3. a. 

f. 

5.2.6 Human Interface Requirements 

i. Requirement: Operator response is required to shut down the transfer pumps if an interlock is 
not provided for automatic shutdown of transfer pumps in the event of a leak detector alarm. 

m: This requirement is per HNF-SD- WM-TSR-006, Rev. 1. Tank Waste Remediation System 
Technical Safety Requirements Bases, Section 83.1.3. 

5.2.7 Specific Commitments 

r'here are no specific commitments identified at this time. 

5.3 Engineering Disciplinary Requirements 

5.3.1 Civil and Structural 

I. Requirement: Dome loading evaluation shall be performed in accordance with HNF-IP-1266 

Basis: This requirement is per HNF-4162, Double-Shell Tank Transfer Pump Subsystem 
Specification, Rev. 0, Section 3.3.6.2.a. 

Requirement: Fabricate structure steel in accordance with AISC specifications. 

B A :  Good Engineering Practice. 

j. 
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3.3.2 Mechanical and Materials 

a. 

b. 

C. 

d. 

D -. 

f. 

Requirement: The Transfer Pump System design shall be self-venting. The Transfer Pump 
shall tolerate reverse rotation or shall be provided with an anti-reverse device if reverse rotation 
is unacceptable. 

Basis: This requirement is per HNF-4162, Double-Shell Tank Transfer Pump Subsystem 
Specification. Rev 0, Section 3.1.2.1. I .  b. 

Requirement: The Transfer Pump System pressure boundaries shall have a design pressure 
rating no less than the maximum pressure of the pump at shutoff when it is pumping fluid of the 
highest specific gravity specified herein. 

B&: This requirement is per HNF-4162, Double-Shell Tank Transfer Pump Subsystem 
Specification, Rev. 0, Section 3.2.1.4.a. 

Requirement: The Transfer Pump System shall accept and route diluent to the pump suction 
intake. The Transfer Pump System shall be capable of routing water to the pump suction at 100 
gaVmin (6.3 W s ) .  

Basis: This requirement is per HNF-4162, Double-Shell Tank Transfer Pump Subsystem 
Speclfication, Rev. 0, Section 3.2.1.5. 

Requirement: The transfer pump nozzles shall be of the Plutonium-Uranium Extraction 
(PUREX)-type design in accordance with drawings H-2-90185 and H-2-90186. 

m: This requirement is HNF-4162, Double-Shell Tank Transfer Pump Subsystem 
Speclfication, Rev. 0, Section 3.2.2.a. 

Requirement: Transfer pump components below the riser flange shall have a maximum 
diameter of 1-in. (2.54 cm) less than the nominal diameter of the riser in which the transfer pump 
is to be installed. Maximum diameter shall be measured on either the installed or insertion 
configuration, whichever is greater. 

B d :  This requirement is per HNF-4162, Double-Shell Tank Transfer Pump Subsystem 
Specification, Rev. 0, Section 3.2.2. b. 

Requirement: The Transfer Pump System design shall minimize the &cumulation of solids 
where process lubricated bearings and mechanical seals are used. The pump should have the 
capability of flushing such areas. 

m: This requirement is per HNF-4162, Double-Shell Tank Transfer Pump Subsystem 
Specijication, Rev. 0, Section 3.2.4.c. 
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g. 

h. 

1. 

i. 

k. 

I. 

n. 

Reauirement: Lifting bails shall be provided that enable handling of the transfer pump in the 
horizontal and vertical positions, while allowing straight vertical insertion of the system into the 
DST. 

B&: This requirement is per HNF-4162, Double-Shell Tank Transfer Pump Subsystem 
Specification. Rev. 0, Section 3.2.2.c. 

Requirement: The transfer pump shall be capable of being lifted to an upright position from a 
horizontal position by a crane from a single point on the mounting flange end without damage to 
the pump or its components. A tool may be provided, as necessary, to assist uprighting 
operations. 

&&: This requirement is per engineering judgment. 

Requirement: The Transfer Pump System shall avoid the potential for waste leakage due to sea 
failure above the pump riser flange and direct any potential leakage back into tanks. 

B&: This requirement is per HNF-4162, Double-Shell Tank Transfer Pump Subsystem 
Specification. Rev. 0, Section 3.2.2.J 

Reauirement: The pump shall remain removable from the tank following a gas release, rollover 
event and crust impact. 

Basis: This requirement is per HNF-4162, Double-Shell Tank Transfer Pump Subsystem 
Specification. Rev. 0, Section 3.2.5.2.3.a. 

Requirement: Transfer pumps Types 2 and 3 shall operate while under the loads induced by the 
mixer pump described in HNF-4164. 

&a&: This requirement is per HNF-4162, Double-Shell Tank Transfer Pump Subsystem 
Specification, Rev. 0, Section 3.2.5.2.3.b. 

Reauirement: Transfer pumps shall be designed to withstand shock and vibration conditions 
encountered during normal transportation via truck or train with no damage to components. 

Basis: This requirement is HNF-4162, Double-Shell Tank Transfer Pump Subsystem 
Specification, Rev. 0, Section 3.2.6. 

Requirement: To the extent practical, transfer pump designs shall be standardized to allow use 
in multiple tanks. 

B A :  This requirement is per HNF-4162, Double-Shell Tank Transfer Pump Subsystem 
Speclfication, Rev. 0, Section 3.2.7. 
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n. 

0. 

3. 

1. 

L3.3 

1. 

1.3.4 

Requirement: All transfer pumps shall meet the applicable design, fabrication, dynamic 
balancing, and testing requirements contained in API 610. The highest degree of dynamic 
balancing shall be specified. 

&&: This requirement is per HNF-4162, Double-Shell Tank Transfer Pump Subsystem 
Specification. Rev. 0, Sections 3.3.1.a., and 4.1.2.a. 

Requirement: All pump connections that are required to be welded shall be done so in 
accordance with AWS D1 .I  or ASME B31.3 for piping. 

Basis: This requirement is per HNF-4162, Double-Shell Tank Transfer Pump Subsystem 
Speci$cation, Rev. 0, Section 3.3.1.6. 

Requirement: Pump rotation arrows shall be marked on the top of the motor bell housing. This 
does not apply if a submerged motor pump is selected. 

&&: This requirement is per HNF-4162, Double-Shell Tank Transfer Pump Subsystem 
Specification, Rev. 0, Section 3.3.3.d. 

Requirement: The subsystem components shall be designed to perform their intended function 
in the chemical environment defined in Best-Basis Inventory (database). 

Basis: This requirement is per HNF-4162, Double-Shell Tank Transfer Pump Subsystem 
Specification, Rev. 0, Section 3.2.5.2.1. 

Chemical and Process 

Requirement: Components contacting waste shall be designed to perform their intended 
function in the chemical environment defined in Best-Basis Inventory (database). 

Basis: This requirement is per HNF-4162, Double-Shell Tank Transfer Pump Subsystem 
Specification, Rev. 0, Section 3.2.5.2.1. 

Electrical Power 

Mailed electrical power requirements that pertain to the Transfer Pump System are found in W-521. 
;DD-02, Rev. 2, ElectricaNWater Utilities System Design Description. 

L. Requirement: The transfer pump shall be supplied with 480 Vac, 3-phase, 60 Hz, electric 
power. This shall also provide the capability to control pump speed. 

Basis: This requirement is per HNF-4162, Double-Shell Tank Transfer Pump Subsystem 
Specification, Rev. 0, Section 3.1.2.1.2.a. 

3ND Team Page 20 

U-270 



RPP-7069, REVISION 0 

rRANSFER PUMP SYSTEM DESIGN DESCRIPTION Report No. W-521-SDD-07, Rev. 2 
September 2000 

b. Requirement: The Transfer Pump System shall provide, fixed, non-rotating, environmentally 
protected field terminations that comply with applicable National Electric Code (NFPA 70) 
requirements for all power and signal connections and grounding lug. 

Basis: This requirement is per HNF-4162, Double-Shell Tank Transfer Pump Subsystem 
Specification, Rev. 0, Section 3.2.2.d. 

Requirement: Electrical equipment enclosures shall meet National Electrical Manufacturers 
Association (NEMA) standards. 

Bnsis: This requirement is per HNF-4162, Double-Shell Tank Transfer Pump Subsystem 
Specification, Rev. 0, Section 3.2.2.e. 

:. 

3.3.5 Instrumentation and Control 

The Transfer Pump System shall measure pump equipment parameters including the pump speed (il 
variable speed drive is utilized). 

Detailed instrumentation and control requirements that pertain to the Transfer Pump System are found in 
W-521 -SDD-04, Rev. 2, Retrieval Control System Design Description. 

Requirement: Transfer pump motor amperage indication shall be provided on the DST 
Monitoring and Retrieval Control System display. 

m: This requirement is per HNF-4162, Double-Shell Tank Transfer Pump Subsystem 
Specification, Rev. 0, Section 3.2.1.6.6. 

Requirement: For those transfer pumps required to pump supernatant, dissolved salts, and 
suspended solids, the DST Transfer Pump System shall monitor the position of the transfer pump 
suction. 

m: This requirement is per HNF-4162, Double-Shell Tank Transfer Pump Subsystem 
Specification, Rev. 0, Section 3.2.1.6.a. 

Requirement: The Transfer Pump System shall monitor pump-operating parameters and shall 
be capable of providing the necessary interfaces with the pump interlock subsystems of the DST 
Monitoring and Retrieval Control System. 

m: This requirement is per HNF-4162, Double-Shell Tank Transfer Pump Subsystem 
Specification. Rev. 0, Section 3.2.1.6.c. 

Reauirement: The system shall comply with electromagnetic radiation emission requirements 
set forth in HNF-2962. 

I. 
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Basis: This requirement is per HNF-4162, Double-Shell Tank Transfer Pump Subsystem 
Specijication, Rev. 0, Section 3.3.2. 

3.3.6 Computer Hardware and Software 

NIA 

3.3.7 Fire Protection 

N/A 

3.4 Testing and Maintenance Requirements 

3.4.1 Testability 

a. Requirement: Whenever possible, instruments that can be operated without calibration or 
maintenance throughout the design life of the system or component should be selected. 

m: This requirement is per Draft HNF-1939, Rev. 0, Waste Feed Deliveiy Technical Basis, 
Volume 4, Waste Feed Delivery Operations and Maintenance Concepts, Section 3.5. 

3.4.2 TSR Required Surveillance 

TSR Surveillance requirements are as follows: 

3. Requirement: Service Water Pressure Detection Systems shall be operable within 72 hours 
prior to removing an administrative lock from a physically connected waste transfer pump. 

m: This requirement is per HNF-SD- WM-TSR-006, Rev. 1, Tank Waste Remediation System 
Technical Safety Requirements, Section 3.0, TSR 3.1.2.1. 

Requirement: Verify that the active primary tank ventilation system is operable every 24 hours. 

&a&: This requirement is per HNF-SD- WM-TSR-006. Rev. 1. Tank Waste Remediation System 
Technical Safety Requirements, Section 3.0, TSR 3.2.1.1. 

Requirement: The WASTE temperature shall be verified once every 10 days to be: 

1. 
2. 
3. 

>. 

:. 

195'F in all levels of the waste, or 
195'F in the top 15 ft. of the waste, or 
215°F in the waste below 15 8. 
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Basis: This requirement is per HMF-SD-WM-TSR-006, Rev. I ,  Tank Waste Remediation System 
Technical Safety Requirements, Section 3.0, TSR 3.3.2.1. This requirement is applicable since 
one of the required actions is to “Stop all transfers to andfrom the affected tank.” 

3.4.3 Non-TSR Inspections and Testing 

NIA 

3.4.4 Maintenance 

Motors for line-shaft driven transfer pumps shall be provided with a manual pump shaWimpeller 
rotation device and shall be installed such that manual shaft rotation can be performed without removing 
the pump pit cover blocks. 

The equipment design shall minimize the time required to physically disconnect, remove, and replace 
the transfer pump. 

The equipment design shall allow access to maintainable components for repair and/or troubleshooting. 

a. Reauirement: Preventive and predictive maintenance shall be performed to maintain the 
equipment and its support systems in a satisfactory operable condition throughout the design life. 
The different types of activities include motor winding continuity and resistance checks, periodic 
pump “bumping” during extended periods of inactivity, oil analysis andor replacement, etc. 
Transfer pumps shall be designed to minimize the amount of periodic maintenance needed. 

m: This requirement is per HNF-1939, Rev. 0, Waste Feed Delivery Technical Basis, 
Volume 4, Waste Feed Delivery Operations and Maintenance Concepts. Section 3.5. 

3.5 Other Requirements 

3.5.1 

VIA 

3.5.2 Special Installation Requirements 

When possible, transfer pump installation should follow tank contents mixing. so that the transfer pump 
loesn’t hang up on solids layer. 

3.5.3 

1. 

Security and Special Nuclear Material Protection 

Reliability, Availability, and Preferred Failure Modes 

Reauirement: The Transfer Pump System shall have a minimum design life of 5,000 hours of 
operation over a 10-year period. The DST Transfer Pump Subsystem shall be designed for five 
years without maintenance that would require removal of the pump pit cover blocks. 
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b. 

C. 

d. 

e. 

3.5.4 

&&: This requirement is per HNF-4162. Double-Shell Tank Transfer Pump Subsystem 
Specification, Rev. 0, Section 3.2.4.a. 

Reauirement: Waste transfer pump manufacturer shall provide written recommendations of 
operational practices such as bumping and flushing to maximize the pumps usehl life. 

&&: This requirement is per HNF-4162, Double-Shell Tank Transfer Pump Subsystem 
Speczjication. Rev. 0, Section 3.2.3.6. 

Reauirement: Reliability, Availability, and Preferred Failure Modes -The RetrievaUTransfer 
Pump System shall fail in a safe mode or process configuration under a loss of power or off- 
normal conditions. Transfer pump failure shall not cause collateral damage to the riser or pump 
pit, or equipment internal to the pit, or harm personnel, or fail in such a way as to prevent 
removal of the pump from the tank. 

m: This requirement is per HNF-1939, Rev. 0, Waste Feed Delivery Technical Basis, 
Volume 4, Waste Feed Delivery Operations and Maintenance Concepts, Section 3.5. 

Reauirement: RetrievaVTransfer Pump System seals or other design features shall be provided 
to prevent a pathway for tank waste liquids or gasses to the environment. The Pump System 
shall contain waste leakage below the pit cover blocks and direct any potential leakage back into 
the tank. 

m: This requirement is per HNF-1939, Rev. 0, Waste Feed Delivery Technical Basis, 
Volume 4, Waste Feed Delivery Operations and Maintenance Concepts, Section 3.5. 

Reauirement: The RetrievaYTransfer Pump System should have as few external support 
systems as necessary to minimize the number of systems and components that could fail or could 
require preventive or corrective maintenance. 

B&: This requirement is per HNF-1939, Rev. 0, Waste Feed Delivery Technical Basis, 
Volume 4, Waste Feed Delivery Operations and Maintenance Concepts, Section 3.5. 

Quality Assurance 

Vendor information shall be managed in accordance with HNF-IP-0842, Volume IV, Section 4.2.3. 

It shall be demonstrated that the transfer pump assembly, when suspended, hangs plumb such that it can 
3e inserted into or removed from the tank riser without interference with the riser. 

Pump insertion into and removal from the tank shall be demonstrated for each pump type. 

rransfer pumps that have been stored for one year or longer shall be subjected to a run-in test before 
.hey are inserted in the waste tank, unless waived by the RPP Design Authority or the RPP Project 
Manager. 
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Quality Assurance requirements are as shown in the Master Equipment List (MEL). 

3.5.5 Miscellaneous 

1. 

I. 

,. 

1.0 

1.1 

Requirement: New equipment andor modifications to existing equipment shall be labeled in a 
standardized format in accordance with the tank farm labeling program as specified in 
HNF-IP-0842, Volume 11, Section 6.1. 

M: This requirement is per HNF-4162, Double-Shell Tank Transfer Pump Subsystem 
Specification, Rev. 0, Section 3.3.3.a. 

Requirement: Transfer pumps shall be provided with a manufacturer’s nameplate securely 
attached to the top of the mounting’adapter flange. The nameplate shall be stamped with the 
following information at the minimum: 

Purchase order number, 
Manufacturer’s size and model number, 
Pump serial number, 
Capacity, 
Pumping head, 
Casing hydrostatic test pressure, 
Rated speed, 
Rated power (if pump has submersible-type motor), 
Bearing part number identification, and 
Assembly weight (dry). 

B A :  This requirement is per HNF-4162, Double-Shell Tank Transfer Pump Subsystem 
Specification, Rev. 0, Section 3.3.3. b. 

Reauirement: Electric motors shall conform to NEMA MG-1 standards. 

m: This requirement is per  HNF-4162, Double-Shell Tank Transfer Pump Subsystem 
Specification. Rev. 0, Section 3.3.3.c. 

SYSTEM DESCRIPTION 

Configuration Information 

b e  Transfer Pump System consists of five primary elements including a motor, pump, monitor and 
:ontrol equipment, suction level adjustment, and diluent additiodflushing. Figures 2-1 and 2-2 provide 
I representation showing key elements. The following sections provide brief descriptions of each 
tlement. 

3ND Team Page 25 

U-275 



RPP-7069, REVISION 0 

TRANSFER PUMP SYSTEM DESIGN DESCRIPTION Report No. W-521-SDD-07, Rev. 2 
September 2000 

4.1.1 

4.1.1.1 Motor 

Electric motors provide the motive force for transfer pumps. Motors are approximately 60 hp, 480V 3 
phase. A variable frequency drive makes possible a wide range of rotational speeds. Motors are 
hermetically sealed submersible motors. Motor shaft will be integral with the pump shaft. 

4.1.1.2 Pump 

The current plan is to use a pump similar to the New Generation Transfer Pump for transfers from all 
tanks for Project W-521. This pump is a canned-motor centrifugal, diffuser-type pump. Primary 
components of the pump include the pump casing mounting flange (or volute), impeller, shaft, bearings, 
and discharge column (or piping). The pump will not include mechanical seals. 

Pump diluent, flush, and discharge will be configured to route diluent or flush water to the pump at the 
appropriate location inside the pump. The DST Transfer Valving System can be configured to route the 
pump discharge back into the DST or to a waste transfer line. 

4.1.1.3 Pump Monitoring & Control 

The type and extent of supervisory instrumentation suitable for a given pump installation is based on the 
pump application, the pump design and size, experience with similar equipment, and the vendor 
recommendations. For pumps with integral suction height adjustment circuitry, the DST Monitoring 
and Retrieval Control System shall provide a command signal directly to the Transfer Pump System to 
move the pump suction up or down. Other instrumentation and control parameters will be defined as the 
design progresses. 

4.1.1.4 Pump Suction Level Adjustment 

The pump suction level adjustment supports the decanting transfer of tank supernate liquids, dissolved 
salts, and suspended solids from tanks without removing the bulk solids. This is accomplished by 
providing means for the pump suction to be taken at a specified level (above the settled solids). It also 
allows pumping to within 10 inches of the tank bottom to accommodate total tank transfers. Section 
4.1.3 provides further information including indication of the types of transfers that are currently 
planned for the pumps within the scope of this SDD. 

4.1.1.5 Diluent Addition/Flushing 

Piping and distribution devices are provided to add treated water to: 1) flush internal pump components, 
2) flush transfer lines after waste a transfer is stopped, and 3) dilute the waste entering the pump suction. 
Piping will be sized for functions 2 and 3 to provide flows up to 100 gpm flow capacity to the pump 
suction. 

Description of System, Subsystems and Major Components 
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4.1.2 Boundaries and Interfaces 

The Transfer Pump System interfaces with the Valve, Jumper, Manifold System; ElectricaUWater 
Utilities System; Retrieval Control System; and the Tank Containment Boundary (see Figure 4-1). 
Waste discharges from the pump and interfaces with the Valve, Jumper, and Manifold System at a Purex 
-type connector mounted on or near the pump head assembly. Diluent connections are made at one or 
more valved tube/pipe connection(s) mounted on the pump head assembly within the pump pit. An 
electrical pigtail from the pump motor interfaces with the electrical system outside the pit at a plugged 
connection. Instruments located on or in the pump and motor interface with the Monitor & Retrieval 
Control System at connection points on the pump head assembly. The pump head assembly is sealed 
and attached to a riser (part of the Tank Containment Boundary) in the pump pit. 

4.1.3 Physical Location and Layout 

Transfer pumps will be installed in all of the DSTs that are within the scope of Project W-521. The 
pumps will be installed in the central pump pit in a 42-in. riser. Table 4-1 provides a summary of the 
pump type and location at each tank. 

Table 4-1. Summary Transfer Pump Installation Data 
I TANK I TRANSFER I 

1.1.4 Principles of Operation 

~ollowing is a basic operational overview of the major components of the Transfer Pump System. 

To initiate and sustain waste transfers, diluent will be supplied by the Diluent and Flushing System to 
lush the transfer pump suction and internal flush ports before pump startup to desaturate salt solutions, 

HND Team Page 27 

U-277 



RPP-7069, REVISION 0 

TRANSFER PUMP SYSTEM DESIGN DESCRIPTION Report No. W-521 -SDD-07, Rev. 2 
September 2000 

dissolve incidental solids that may have formed in the pump, and maintain a clear flow path into the 
pump suction. If necessary, transfer lines may be pre-conditioned by warming them with heated diluent 
to prevent solids precipitation during waste transfers. 

If a decent operation is being performed, the transfer intake level will be adjusted to keep the pump 
suction submerged in fluid as deep as possible to prevent cavitation and vortexing while minimizing 
solids being drawn into the waste stream being pumped. 

The diluent flow rate will be adjusted to be a predetermined value and the transfer pump started and 
adjusted to achieve the desired flow rate. Pump speed is adjusted by means of a variable frequency 
drive. With the pump on, the diluent can either be recirculated to the top of the waste in the source tank 
or directed through the transfer lines to the destination tank. Transfer pump and waste parameters will 
be monitored to assure proper operation and to alert operators to potential problems. To initiate the 
waste transfer, diluent flow will be reduced in steps while the pump outlet flow rate is adjusted as 
necessary by increasing or decreasing the pump speed. This function can be performed automatically or 
manually. As diluent flow is reduced, waste will be drawn into the pump suction to make up the 
difference. A minimum ratio of diluent to total pump flow will be determined to maintain the transfer 
stream solids content and/or specific gravity below the allowable limit and prevent transfer line 
plugging. 

When the transfer is complete, if an adjustable suction pump is being used, flush solution flow will be 
increased the pump suction at a flow rate slightly higher than the pumping rate to flush waste from the 
suction line, transfer pump, and transfer line. The transfer pump will be shut off and the system is 
flushed using the Diluent and Flush System. Alternately, the transfer pump will be shut down and the 
Diluent Flush System will be used to flush transfer lines and back-flush the pump. The flush solution in 
the transfer line will partially drain to the staging tank and the remainder back to the source tank through 
the pump. The transfer route will then be reconfigured by returning the transfer valves, diluent and flush 
solution supply, and pump and monitoring systems to their off-line positions and settings. 

4.1.5 System Reliability Features 

Reliability features will be defined as the design develops. 

4.1.6 System Control Features 

System control features will be defined as the design develops. 

4.1.6.1 System Monitoring 

Transfer Pump System primary operating parameters such as pump speed, discharge pressure, flow rate, 
ctc. will be remotely monitored on the Central Monitor and Control System. 

~ 
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4.1.6.2 Control Capability and Locations 

Control capability and locations will be defined as the design progresses. 

4.1.6.3 Automatic and Manual Actions 

Most actions associated with the system will be performed manually (i.e. STOP/START). Pumps will 
automatically shut down upon activation of leak detector alarms originating in associated pits other leak 
detectors and upon activation of pressure switches when increased pressure is sensed between the flush 
system and the transfer piping system. Normally, pump speed will be automatically adjusted to maintain 
the specified critical flow velocity. 

4.1.6.4 Setpoints and Ranges 

Setpoints and ranges will be defined as the design progresses. 

4.1.6.5 Interlocks, Bypasses and Permissives 

These controls will be defined as the design develops. 

4.2 Operations 

The WFD Operations and Maintenance (O&M) Philosophy provides the project with constraints and 
guidance on system operations and developing operations procedures. The O&M Philosophy and the 
WFD O&M Concept (HNF-1939) are the primary bases for developing the Project Operations Plan. 
The O&M Concept is strongly influenced by the primary interfaces with the WTF. System design and 
operation is optimized to support availability, reliability, and accommodate parallel processes where 
appropriate. Most of the concepts in the O&M Philosophy are related to keeping the WFD systems 
operating while supplying feed to the WTF and minimizing the shutdown time necessary for 
maintenance and repairs. 

Prior to the initial system startup, readiness to start-up will be verified to meet the intent and 
requirements of the PHMC procedure for facilities startup and readiness, RPP-PRO-55 “Facilities Start- 
Up Readiness” which implements U.S. Department of Energy (DOE) Order 425.1, Startup and Restart, 
of Nuclear Facilities. The level and type of review will be conducted at the lowest practical level 
commensurate with the project safety risk. 

4.2.1 Initial Configuration (Pre-Startup) 

rhe configuration prior to system startup will be such that only those valves, breakers and switches 
necessary to ensure a safe shutdown condition will have to be realigned. Operators in the field and in 
the control area should have the least number of components to reconfigure as possible. This reduces 
the likelihood that a critical component will be placed or remain in an improper position. Prior to each 
system startup, a thorough, step-by-step procedure will be used to place the system in the proper 
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configuration for startup. This procedure will incorporate independent verification steps for all critical 
steps. 

4.2.2 System Start-up 

Using the approved startup procedure, operators will start the system remotely from the control area. 
The system is not designed to be started or operated from the field since all required parameters are not 
available for monitoring. After system parameters reach steady state conditions that the operators will 
progress to a normal monitoring operations mode. 

4.2.3 Normal Operations 

After all system parameters reach steady state conditions, the operators will perform routine monitoring. 
Routine monitoring consists of recording parameters on data sheets. In order to ensure that the control 
area operators are not distracted, it is recommended that they have no other duties other than to operate 
and monitor the transfer pump system. 

The control and operation of transfer pumps will take place ffom a remote, centralized monitoring and 
control station. All critical parameters and their associated alarms will be monitored from this central 
location. Certain alarms and conditions may require operators to go to the field for investigation. 
Critical operating parameters that could cause damage if limits are exceeded will provide alarms prior to 
exceeding these limits in order to allow the operators to take corrective action before the equipment 
shuts down automatically. 

4.2.4 Off-Normal Operations 

Off-normal operations will be covered in the applicable operating and emergency response procedures. 
Generally, the response to any off-normal situation will be to place the system in a safe, shutdown 
condition if operator initial response does not mitigate the situation. The on-duty operators may perform 
this shutdown in a controlled manner manually fiom the control area, or it may occur automatically, 
depending on the speed necessary to place the system in a safe condition. 

4.2.5 System Shutdown 

The Transfer Pump System will normally be shutdown from the control area. The system will be placed 
in such a condition so as to facilitate future startups while maintaining the facility in a stable shutdown 
status. After normal pump operations, a system and transfer line flush and pump backflush will be 
performed to prevent waste from hardening in transfer lines as well as in pump internals. 

4.2.6 

Personnel access to the pump and valve pit areas during transfers will be limited initially to minimize 
possible radiation exposure due to increased levels in these pits while waste is moving through them. 
Once enough data has been recorded to ensure personnel safety, unrestricted access may be restored. 

Safety Management Programs and Administrative Controls 

HND Team Page 30 



RPP-7069, REVISION 0 

TRANSFER PUMP SYSTEM DESIGN DESCRIPTION Report No. W-521-SDD-07. Rev. 2 
September 2000 

4.3 Testing and Maintenance 

Systems are designed to be as reliable as possible with little or no preventive maintenance or testing. 
The higher initial costs associated with the more robust New Generation Transfer Pump (NGTP) will be 
recovered through reduced down time, repairs, and avoiding contractual costs from the inability to 
provide feed to the privatization contractor. The Operations Plan and Operations Procedures are 
developed in coordination with interfacing projects to ensure a consistent O&M concept is implemented 
for all waste retrieval systems supporting WFD. 

Since the installation of the transfer pumps will most likely occur several months prior to their initial 
operation, it will be necessary to perform periodic maintenance activities to reduce the risk of shaft 
seizure. This can be done by bumping the pumps and by periodic flushing. Using the pump’s motor to 
rotate the shaft to ensure all built-up deposits between the rotating and non-rotating elements are broken 
up is called “bumping.” Since the pumps cannot be bumped until their readiness is verified, periodic 
flushing will have to be performed. After readiness has been verified and after operation, the pumps 
should be bumped regularly to ensure the shaft and bearings do not seize. 

4.3.1 Temporary Configurations 

In order to perform some maintenance and testing activities, it may be necessary to align the system 
other than that for normal operations. Any situations requiring temporary configurations will be 
controlled via formal work procedures to ensure normal system configuration is restored when the 
maintenance or testing activity is complete. 

4.3.2 TSR-Required Surveillance 

The TSR Required Surveillance related to maintenance and testing for the retrievalhransfer pump 
systems are as follows: 

TSR 3.1.2.1 (verify that service water pressure detection systems are operable) - once within 72 
hours prior to removing an administrative lock from a physically connected waste transfer pump. 

0 TSR 3.1.2.2 (Perform functional test on the service water pressure detection systems and verify a 
setpoint of 5 20 lb/in2 gauge on increasing pressure - 365 days. This SR is applicable since there 
will be a dilutiodflush system connected to the mixing pumps that could be subjected to pump 
discharge pressure and possibly become contaminated with tank waste. 
TSR 3.1.3.1 (Perform functional test on conductivity probe transfer leak detection systems) - 
once within 92 days prior to removing an administrative lock from a physically connected waste 
transfer pump and once per 92 days thereafter. This SR applies to all leak detectors installed in 
valve and pump pits along the designated transfer route and for all physically connected waste 
tanks. 

1.3.3 Non-TSR Inspections and Testing 
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rhis category consists mostly of preventive and predictive maintenance designed to maintain the 
:quipment and its support systems in a satisfactory operable condition throughout their design life. 

1.3.4 Maintenance 

1.3.4.1 Post Maintenance Testing 

Post maintenance testing is conducted to ensure maintenance is properly performed and the 
identifiedonginal deficiency is corrected. Upon completion of a maintenance activity, testing will be 
Jerformed to ensure the equipment is restored to an operational status. The rigor of post maintenance 
.ests will be based on the extent of preventive andor corrective maintenance performed and the 
importance of the equipment to plantkystem safety and reliability. 

1.3.4.2 Post Modification Testing 

Post modification testing is essentially the same as post maintenance testing. It is performed to ensure 
.hat the safety related functions of a system still perform satisfactorily after the system or equipment has 
Jeen modified. Post Modification Testing is performed in accordance with the same guiding documents 
ised for Post Maintenance Testing. 
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1.0 INTRODUCTION 

This System Design Description (SDD) identifies performance requirements, defines bases, and 
provides references to requisite codes and standards to the Waste Feed Delivery System (WFDS) 
Project, W-521 for the transfer-associated structures (ValvePump Pits and Cover Blocks). This revision 
incorporates requirements as specified in HNF-4160, Rev. 0, Double-Shell Tank Transfer Valving 
Subsystem Specification. 

1.1 System Identification 

There are four primary elements constituting the transfer-associated structures subsystem. These 
elements are: 

Process pits (valve and pump), 
Process pit cover blocks, 
Mixer pump support/mounting structures, and 
Miscellaneous support structures. 

1.2 Limitations 

This SDD is limited to the waste tanks that are within the scope of the WFDS Project, W-521. Those 
farms within the project scope requiring transfer-associated structures are: AP Farm, AW Farm, AY 
Farm, and SY Farm. 

This SDD describes the project-installed pit(s), cover blocks and support structures. It is intended to 
describe those modifications made by project W-521. Interfacing systems will be described to the extent 
necessary to define the interface boundaries, whether within or outside the project boundaries. 

This SDD revision was prepared in conjunction with the Advanced Conceptual Design (ACD) Phase of 
the WFDS Project W-521. Many of the sections contain information that is preliminary, or of a 
conceptual nature. This SDD will be a living document throughout the design phases of W-521, and 
will become more detailed as the design progresses through definitive design. Requirements were taken 
from the Double-Shell Tank Transfer Valving Subsystem Specification, HNF-4160, Rev. 0. The 
previous revision was based on the Draft Level 2 Specifications. 

1.3 Ownership 

This SDD is owned by the Project Engineer responsible for the ValvePump Phs and Cover Blocks. 

1.4 Definitions 

Administrative Lock - A locking device that prevents an inadvertent equipment start. Administrative 
locks ensure that the equipment or systems(s) being isolated andor controlled cannot be operated (e.g., 
removing the motive force of a transfer pump [e.g., electrical power, steam, water, or air] and installing 

~ 
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in administrative lock so that the transfer pump cannot be activated) until the administrative lock is 
.emoved. 

General Service (GS) SSC - Structures, systems, or components (SSCs) not classified as either Safety 
l a s s  or Safety Significant. 

Manifold -Remotely installed rigid piping system inside a pit that transfers waste and flush water 
)etween nozzles. 

Physically Connected - Refers only to piping, tanks, and structures and their associated 
nstrumentation. 

Physically connected piping is any piping that is part of or connected to the transfer route. 
Piping need not be considered connected to the transfer route if it is physically disconnected as 
described below. 

An air gap (e.g., removal of piping, transfer jumper) is considered to physically disconnect 
piping on either side of the air gap; or 
A blind flangelprocess blank in the transfer route is considered to physically disconnect 
piping on either side of the blind flange or process blank; or 
An operable service water pressure detection system is considered to physically disconnect 
piping downstream of the first or second closed isolation valve of the detection system that is 
downstream of the source of pressurized WASTE, depending on how the system pressure 
boundary integrity is tested (see "F-SD-WM-SAR-067, Chapter 4.0); or 
An OPERABLE backflow prevention system in the 204-AR Waste Unloading Facility is 
considered to physically disconnect piping downstream of the second isolation valve that is 
downstream of the source of pressurized WASTE; OT 
Two Safety - Significant isolation valves, INDEPENDENTLY VERIFIED to be in the 
closed position, are considered to physically disconnect piping on the downstream side of the 
second closed isolation valve that is downstream of the source of pressurized waste. 

(Note: Closed valves that are not designated as Safety-Significant do not physically 
disconnect piping from the transfer route). 

The EasVWest cross-site transfer line and replacement cross-site transfer lines are considered 
PHYSICALLY CONNECTED piping only when cross-site WASTE transfers are in progress. 
The EasVWest cross-site transfer line is the piping between 241-UX-154 diversion box and 24 
ER-151 diversion box. The replacement cross-site transfer line is the piping between 241-SY-A 
and 241-SY-B valve pits and the 244-A lif? station. 

PHYSICALLY CONNECTED structures are those structures through which PHYSICALLY 
CONNECTED piping runs, or structures that could be subject to leakage from PHYSICALLY 
CONNECTED piping. 
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PHYSICALLY CONNECTED tanks are those tanks connected to the transfer route, those tanks 
connected to the PHYSICALLY CONNECTED piping, and those tanks designed to receive 
leakage from PHYSICALLY CONNECTED piping through a drain path. 

Pit Nozzle - Rigid male connector anchored in the pit wall or the transfer pump housing that provides a 
leak-tight connection with the integral seal block attached to a manifold. 

RPP Design Authority - A person qualified in the practice of engineering with four years demonstrated 
job related experience including two years in their specific functional areas. For nuclear structures, 
systems, or components, they shall have at least one year nuclear experience. The River Protection 
Project (RPP) Design Authorities for the facility and for the Project must have completed the RPP 
Design Authority Qualification Card and have an appointment letter approved by the RPP Chief 
Engineer. 

Safety Class (SC) SSC -An SSC that prevents or mitigates releases to the public that would otherwise 
exceed the offsite radiological risk guidelines, or to prevent a nuclear criticality. Those SSCs that 
support the safety function of a SC SSC may also be SC. 

Safety Significant SSC - An SSC that prevents or mitigates releases of radiological materials to onsite 
workers and toxic chemicals to the offsite public and onsite workers. Safety significant also describes 
worker safety SSCs that protect the facility worker from serious injury (or fatality) from hazards not 
controlled by institutional safety programs. Those SSCs that support the safety function of an S S  SSC 
are also SS. 

Shall -Denotes a requirement. 

Shall Consider - Requires that an objective assessment be performed to determine to what extent the 
specific factor, criterion, guideline, standard, etc., will be incorporated into or satisfied by the design. 
The results and basis of this assessment shall be documented. Such documentation shall be retrievable 
and can be in the form of engineering studies, meeting minutes, reports, internal memoranda, etc. 

Should -Denotes a recommendation. If a “should” requirement cannot be satisfied, justification of an 
alternative design shall be submitted to the Design Authority for approval. 

Tank Opening - Tank risers and pits with an open path to the tank. 

TBD - To be determined. A study and/or calculation needs to be performed in. order to provide a 
sufficient technical basis for the requirement. 

TBR - To be refined. A ‘‘soil” basis for the requirement has been identified. However, a further study 
and/or calculation needs to be performed in order to solidify the requirement’s technical basis. 

Transfer-Associated Structure - Pump pits, valve pits, diversion boxes, cleanout boxes, cover blocks 
and mixer pump support structures. 
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Waste Feed - Waste slurry to be transferred to the Waste Treatment Facility (WTF) containing a 
nixture of solids and liquids. 

!.O GENERAL OVERVIEW 

!.l System Functions 

The overall mission of the ValvdPump Pits and Cover Blocks (transfer-associated structures) System is 
o support other systems in providing a reliable transfer route for delivering waste to the WTF. To 
tccomplish this mission, the ValvePump Pits and Cover Blocks System must meet the requirements of 
his SDD. 

!.1.1 

The process pits are intended to house the components necessary to direct and control the flow of 
rocess fluids within the Double-Shell Tank (DST) system and for delivery to the WTF. The process 
bits are those structures intended to perform the following functions: 

Process Pits (Valve and Pump) 

House the Transfer Valving System (Jumpers), Transfer Pump System, portions of the Mixer 
Pump System (AY-101 and AY-102 only) and portions of the DST Monitoring & Retrieval 
Control Systems components; 

Provide secondary containment to the Transfer Valving System, Transfer Pump System, the 
Mixer Pump System (AY-IO1 and AY-102 only) and portions of the DST Monitoring & 
Retrieval Control Systems components; 

Provide radiological shielding from the process fluids to the onsite workforce; 

Accumulate leaked fluids within the pits to a detectable level; and 

Provide drainage path of accumulatedleaked fluids back to the DST. 

A1.2 Process Pit Cover Blocks 

:over blocks are the removable top portion of the process pit. They are intended to perform the 
ollowing functions: 

Provide access to the Transfer Valving System, Transfer Pump System, the Mixer Pump System 
(AY-101 and AY-102 only) and portions of the DST Monitoring & Retrieval Control Systems 
components housed within the pit(s) (for the purposes of removal, maintenance, observation, 
calibration, etc); 

Provide radiological shielding from the process fluids to the onsite workforce; 
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Divert rain water from unnecessarily accumulating within the pit(s); and 

Provide spray leak protection from the process waste stream. 

2.1.3 Support Structures 

The support structures, including the mixer pump support platforms, are intended to perform the 
following functions: 

3.0 REQUIREMENTS AND BASES 

The requirements compiled in this section come predominantly from HNF-4160, Double-Shell Tank 
Transfer Valving Subsystem Specification, Rev. 0. 

3.1 General Requirements 

This section identifies the general requirements for the DST transfer-associated structures and the bases 
for these requirements. 
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3.1.1 

a. 

b. 

* I. 

d. 

System Functional Requirements 

Reauirement: Process pits and cover blocks shall have a design life of 35 years. 

Basis: This requirement is HNF-4160, Double-Shell Tank Transfer Valving Subsystem 
Spec@cation, Rev. 0, Section 3.2.3.a. 

Reauirement: The system shall label new equipment and/or modifications to existing 
equipment in a standardized format in accordance with the tank f m  labeling program as 
specified in HNF-IP-0842, Volume 11, Section 6.1. 

Basis: This requirement is per  HNF-4160, Double-Shell Tank Transfer Valving Subsystem 
Specifcation, Rev. 0, Section 3.3.3.a. 

Reauirement: Tank dome loading shall satisfy the requirements specified in HNF-IP-1266, 
Chapter 5.16. 

Basis: This requirement is per HNF-4160, Double-Shell Tank Transfer Valving Subsystem 
Specification, Rev. 0, Section 3.3.6.2.6. 

Reauirement: The subsystem shall be designed in accordance with Washington State 
Administration Code (WAC) 173-303-640 (3) for final status facilities and 40 CFR 265, Subpart 
J, for interim status facilities; U S .  Department of Energy (DOE) Order 6430.1A, Section 0262; 
and DOE Order 5820.2A, Chapter 1, Section 3.b(2)(g). The design of the subsystem shall allow 
for detection of a leak within 24 hours. 

Basis: This requirement is per  HNF-4160, Double-Shell Tank Transfer Valving Subsystem 
Specifcation, Rev. 0, Section 3.3.6.2.a. 

Subsystem and Major Components 

3.1.2.1 Process Pits 

a. Reauirement: The design of the transfer-associated structure shall be in accordance with WAC 
173-303-640 for final status facilities and 40 CFR 265, Subpart J, for interim status facilities. 
The design of the structure shall allow for detection of a leak within 24 hours. 

Basis: This requirement is per  HNF-4160, Double-Shell Tank Transfe; Valving Subsystem 
Specification, Rev. 0, Section 3.2.1.8.b. 

Reauirement: All transfer-associated structures shall be designed to provide the required 
minimum functions of containment, shielding, and drainage. New transfer-associated structures 
shall be either welded structural steel per ANSUAISC N690 or reinforced concrete per ACI 349 
(safety class) or ACI 318 (general service or safety significant). 

b. 
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Basis: This requirement is per HNF-4160, Double-Shell Tank Transfer Valving Subsystem 
Specijicaiion, Rev. 0, Section 3.3.1.e. 

Requirement: The transfer-associated structure drain design shall allow drainage from the 
pump pits, valve pits, COBS, and diversion boxes to a level below the leak detection sensor 
position. 

Basis: This requirement is per HNF-4160, Double-Shell Tank Transfer Valving Subsystem 
Specifcation, Rev. 0, Section 3.3.1.1. 

Reauirement: All new process pit (a pit that redirects waste flow) shall be equipped with 
stainless steel liners that extend to the top of the pit, where the cover block steps start. 

B A  This requirement is per HNF-4160, Double-Shell Tank Transfer Valving Subsystem 
SpeciJication, Rev. 0, Section 3.3.1.m. (Applies to new pits only. Existing pits will have SPC to 
achieve same function). 

c. 

d. 

3.1.2.2 Cover Blocks 

a. 

b. 

C. 

d. 

Reauirement: New cover blocks shall be sloped to allow water to drain off the top of the cover 
and extend over the outside of the pit walls. Existing cover blocks shall be modified with drip 
shields or other mechanical means, as required, to meet the requirements of WAC 173-303-640 
(4x4. 

Basis: This requirement is per HNF-4160, Double-Shell Tank Transfer Valving Subsystem 
Specification. Rev. 0, Section 3.2.2.e. 

Reauirement: Cover block penetrations shall be sealed adequately to stop raidsnow water 
intrusion. 

Basis: This requirement is per HNF-4160, Double-Shell Tank Transfer Valving Subsystem 
Specification. Rev. 0, Section 3.2.2.g. 

Requirement: Cover blocks shall prevent radiation streaming. 

Basis: This requirement is per HNF-4160, Double-Shell Tank Transfer Valving Subsystem 
Specification, Rev. 0, Section 3.2.2.h. 

Reauirement: Cover blocks for new pump pits and valve pits shall be sealed to the transfer- 
associated structure by a compressible gasket. 

Basis: This requirement is per HNF-4160, Double-Shell Tank Transfer Valving Subsystem 
Specification, Rev. 0, Section 3.3.1.i. 
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Requirement: Cover blocks shall have a special protective coating to prevent waste absorption 
from a spray leak. 

Basis: This requirement is per  HNF-4160, Double-Shell Tank Transfer Valving Subsystem 
Specification, Rev. 0, Section 3.3.1.n. 

Requirement: Cover blocks shall be marked to indicate the center of gravity and weight. 

Basis: This requirement is per  HNF-4160. Double-Shell Tank Transfer Valving Subsystem 
Specification, Rev. 0, Section 3.3.3.d. 

Requirement: Cover block shall be designed to meet the requirements of the authorization 
basis. 

Basis: This requirement is per HNF-SD- WM-SAR-067, Rev. I ,  and HNF-SD- WM-TSR-006. 

3.1.2.3 Support Structures 

rhere are no requirements within the specifications that specifically address support or ancillary 
;tructures. The general requirements previously specified will be applied using a graded approach to 
hese componentdsubsystems. For example, pads and foundations shall be designed to comply with the 
iome loading criteria. 

5.1.3 Boundaries and Interfaces 

Subsystems that interface with the ValvePump Pits and Cover Blocks System are the Mixer Pump 
System, the Transfer Pump System, the DST Monitoring & Retrieval Control Systems and the Piping, 
rumper and Valve System. These interfaces are illustrated in Figure 3-1. 

L1.3.1 Piping, Jumpers and Valves Systems 

I. Requirement: The Transfer Valving System shall provide local indication of the actual position 
of all transfer valves. Mechanical indication of the valve’s position shall be visible from the top 
of the cover block. 

Basis: This requirement is per HNF-4160, Double-Shell Tank Transfer Valving Subsystem 
Specification, Rev. 0, Section 3.2.1.2.1. b. 
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Figure 3-1. Valve/Pump Pits and Cover Blocks System Interfaces 

1.1.3.2 Mixer Pump System 

L. Requirement: The mixer pump support supports the weight of the pump, motor, turntable 
column, radiation shield plug, and other associated components and maintains tank confinement. 
The load will be transmitted to the cover blocks for some tanks or to a slab on grade. During 
installation and removal, the mixer pump support will interface with the impact-limiting system 
and the flexible receiver. 

Basis: This requirement is per HNF-4164. Double-Shell Tank Mixer Pump Subsystem 
Specification. Rev. 0.. Section 3.7.4. 

I. Requirement: The Transfer Valving Subsystem transfer-associated structure shall contain the 
leakage fiom the mixer pump and route it to the tank as required. 

Basis: This requirement is per HNF-4160. Double-Shell Tank Transfer Valving Subsystem 
Specification, Rev. 0, Section 3.1.2.1.7.a. 
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DOE/RL-96-109, Rev. 0 

3.1.4 Codes, Standards and Regulations 

Design requirements applicable to the transfer-associated structures come from government and 
non-government source documents and various codes and standards. Each document (of the exact 
revision identified) in this section is invoked by one or more requirements of this specification and 
represents a part of this specification to the extent specified. 

3.1.4.1 Government Documents 

Hotford Sitr Radiological Conrrol Manual (HSRCM- IJ, 
US. Depamnent of Energy-Richland Operations Office, Richland, 

1 Washington. 
1 Resource Conservation and Recovery Act of 1976, 42 USC 6901. 
I Occupational Radiation Protection, Code of Federal Regulation, 

RCRA, 1976 
10 CFR 835 - I dated 11/98, Washington, D.C. 

3.1.4.2 Non-Government Documents 

National codes, standards, and the Hanford Site documents listed in Table 3-2 constitute a part of this 
specification to the extent specified herein. Note: The RPP-PROS implement federal and state 
regulations and DOE orders. In addition, it should be noted that some requirements are based on the 
existing authorization basis documents ("F-SD-WM-SAR-067, HNF-SD-WM-TSR-006, etc.). The 
Authorization Basis requirements may be changed, if necessary, after analysis and justification of the 
resulting risk being incurred have been outlined in a final safety analysis report (FSAR) amendment and 
approval is obtained from DOE Office of River Protection. In addition, the list of procedures is not 
intended to be complete, but rather to identify key ones which, when implemented, will support 
successful completion of design activities. Specific other procedures/documents are referenced 
throughout the sections of this document. 
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ASME B&PV, Section IV 

ANSI 2358.1-1990 

ASME NQA-1, 1994 

Engineers, New York, New York. 
Hearing Boilers, American Society of Mechanical Engineers, New 
York, New York. 
Emergency Eyewash and Shower Equipment, American National 
Standards Institute. 
Nuclear Qual@ Assurance Program Requirements for  Nuclear 
Facilities, American Society of Mechanical Engineers, New York, New 

1 New York 
I Non-Destmctive Examination, American Society of Mechanical ASME B&PV, Section V, 1998 

HNF-2937, 1999 
Daniel Hanford, Inc., Richland, Washington. 
Estimated Maximum Concentration ofRadionuclides and Chemical 
Analytes in Phase I and Phase 2 Transfers, Fluor Daniel Hanford, Inc., 

HNF-IP-0842, Vol. 11, Section 6.1 
Rev. IA, 1999 

I Richland, IVashington. 
I A List of Elecrrunragneric Interference (EM/) & Elecrromagnetic HhF-2962, 1998 

Compatibility (EMC) Requirements, Numatec Hanford Corporation for 
Fluor Daniel Northwest for Fluor Daniel Hanford, Inc., Richland, 
Washington. 
RPP Administration Tank Farm Operations Equipment Labeling and 
Master Equipment List Control, Lockheed Martin Hanford Corporation 

HNF-SD-WM-SAR-067, Rev. 1, 1999 

HNF-SD-WM-SEL-040, Rev. 1, 1998 

HNF-SD-WM-SP-012, Rev. 1, 1999 

HNF-SD-WM-TRD-007, Rev. E 
Draft, 1998 

I for Fluor Daniel Hanford, Richland. Washington. 
I Prajecr Hanford Qualm. Amirancr Program DeAcrrptron, Fluor Daniel HNF-MP-599. Rev 3, 1999 

Hanford, Richland, Washington. 
Tank Wane Remediation System Final Safely Analysis Report, Fluor 
Daniel Hanford, Richland, Washington. 
7"RS Facilirq. Sufey Equipment List, Lockheed Martin Hanford 
Corporation for Fluor Daniel Hanford, Richland, Washington. 
Operations and Utilizotion Plan, Numaiec Hanford Corporation, 
Lockheed Manin Hanford Corporation and COGEMA Engineering 
Corporation for Fluor Daniel Hanford, Richland, Washington. 
System Specification for  the DST System, COGEMA Engineering for 
Fluor Daniel Hanford, Richland, Washington. 

- 
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1999 
NACE RP 0169-96,1996 
HNF-SD-GN-ER-501, Rev. 1 ,  1998 

HNF-SD-WM-HSP-002, Rev. 3A, 
1998 
HNF-5183, Rev. 0, 1999 

.~ 
Daniel Hanford, Richland,~Washington. 
Control of External Corrosion Engineers, Houston, Texas. 
Natural Phenomena Hazards. Hanford Site, Washington, Numatec 
Hanford Corporation for Fluor Daniel Hanford, Richland, Washington. 
Tank Farms Health and Safety Plan, Lockheed Martin Hanford 
Corporation for Fluor Daniel Hanford, Richland, Washington. 
Tank Farms Radiological Control Manual, Fluor Daniel Hanford, 
Richland, Washington. 

1. 

J.  

,. 

1. 

,. 

Reauirement: Cover blocks shall have penetrations to facilitate operation and/or functional 
testing of the components inside transfer-associated structures. Operations include, but are not 
limited to, decontamination by washdown, removing standing water with a portable pump, 
retrieving gas and particulate samples, and taking still and motion pictures of valve stem position 
and of the entire structure interior. 

Basis: This requirement is per HNF-4160, Double-Shell Tank Transfer Valving Subsystem 
Specifcation, Rev. 0, Section 3.2.2.f: 

Requirement: Cover blocks shall be provided with lifting bails suitable for balanced lifting by 
crane. 

B& This requirement is per  HNF-4160, Double-Shell Tank Transfer Valving Subsystem 
Specification, Rev. 0, Section 3.2.2.i. 

Reauirement: Cover blocks and pit walls shall be marked to facilitate alignment of the cover 
blocks for proper sealing. 

Basis: This requirement is per  HNF-4160. Double-Shell Tank Transfer Valving Subsystem 
Specification, Rev. 0, Section 3.5.1.e. 

Requirement: Transfer system covers shall be operable. 

This requirement is per  HNF-SD-WM-TSR-006, LCO 3.1.1, Transfer System Covers and 
Entry Doors. 

Requirement: A program shall be maintained to manage potential ignition sources that can 
initiate a fire or flammable gas deflagration. 

Basis: This requirement is per  HNF-SD- WM-TSR-006, AC 8.10, Ignition Controls. 

Requirement: A program shall be maintained to control waste transfers through the RPP waste 
transfer systems. 

SND Team Page 12 

U-299 
.. - --- 



RPP-7069, REVISION 0 

VALVEPUMP PITS AND COVER BLOCKS 
SYSTEM DESIGN DESCFUPTION 

Report No. W-521-SDD-08, Rev. 2 
September 2000 

Basis: This requirement is per HNF-SD- WM-TSR-006, AC 5.12. Transfer Controls. 

Requirement: A program shall be maintained to control transfer system cover removal. 

Basis: This requirement is per HNF-SD- WM-TSR-006, AC 5.22, Transfer System Cover 
Removal Controls. 

g. 

3.2 Special Requirements 

No special requirements have been identified. 

3.2.1 

a. 

b. 

C. 

3.2.2 

a. 

b. 

Radiation and Other Hazards 

Requirement: The subsystem shall be designed for the 1,000 radh radiation environment for 
direct contact with tank waste as defined in HNF-2004. 

Basis: This requirement is per HNF-4160. Double-Shell Tank Transfer Valving Subsystem 
Specification, Rev. 0, Section 3.2.5.2.2. 

Requirement: The subsystem shall be designed such that access controls to radiation and high- 
radiation areas meet the requirements of DOEiRL-96-109. 

Basis: This requirement is per HNF-4160, Double-Shell Tank Transfer Valving Subsystem 
Specipcation, Rev. 0, Section 3.9. 

Requirement: Cover blocks shall be designed to align with the transfer-associated structure to 
prevent the direct release of aerosol to the atmosphere from a spray leak. 

Basis: This requirement is per HNF-4160, Double-Shell Tank Transfer Valving Subsystem 
Specification, Rev. 0, Section 3.2.1.8.a. 

ALARA 

Requirement: Transfer associated structure shielding shall be designed to keep personnel 
exposures as low as reasonably achievable (ALARA) in accordance with RF'P-PRO-1621 and 
FS'P-PRO-1622. 

Basis: This requirement is per HNF-4160, Double-Shell Tank Transfer Valving Subsystem 
Specification, Rev. 0, Section 3.3.6.1.a. 

Requirement: All components that may become contaminated with radioactive or other 
hazardous material under normal or abnormal operating conditions shall be designed to 
incorporate measures to simplify future decontamination and decommissioning in accordance 
with DOE Order 6430.1A, Section 1300-1 1. 
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3.2.3 

NIA 

3.2.4 

a. 

3.2.5 

a. 

b. 

". 

i. 

Basis: This requirement is per HNF-4160 Double-Shell Tank Transfer Valving Subsystem 
Specification, Rev. 0, Section 3.3.8. a. 

Nuclear Criticality Safety 

Industrial Hazards 

Reauirement: The Transfer Valving Subsystem shall incorporate design features that comply 
with the requirements of HNF-SD-WM-HSP-002 and other applicable safety and health 
requirements. 

Basis: This requirement is per HNF-4160, Double-Shell Tank Transfer Valving Subsystem 
Specification, Rev. 0, Section 3.3,6. I .  b. 

Operation Environments and Natural Phenomena 

Reauirement: The subsystem shall be designed for the natural environmental conditions 
specified in HNF-SD-GN-ER-501. 

Basis: This requirement is per HNF-4160 Double-Shell Tank Transfer Valving Subsystem 
Specification, Rev. 0, Section 3.2.5.I.a. 

Reauiremeut: The subsystem shall be designed to withstand the natural phenomena hazards as 
specified in WP-PRO-097. 

Basis: This requirement is per HNF-4160, Double-Shell Tank Transfer Valving Subsystem 
Specification, Rev. 0, Section 3.2.5.1.b. 

Reauirement: For permanent structures, subsurface conditions shall be determined by means of 
boring or other methods that adequately disclose soil and groundwater conditions. Data and 
other information obtained from prior subsurface investigations may be used, supplemented by 
additional investigations at the specific location, as deemed necessary by the RPP Design 
Authority 

Basis: This requirement is per HNF-4160, Double-Shell Tank Transfer 'Valving Subsystem 
Specification, Rev. 0, Section 3.2.S.I.c. 

Requirement: System and components shall be designed in accordance with the safety 
classification for each. The safety classification shall be determined using the process described 
in RPP-PRO-700, RPP-PRO-702, RPP-PRO-703 and RPP-PRO-704, based on the guidelines in 
HNF-SD-WM-SAR-067. Section 3.0. 
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Basis: This requirement is per HNF-4160, Double-Shell Tank Transfer Valving Subsystem 
Specification, Rev. 0, Section 3.3.6.3.a. 

3.2.6 Human Interface Requirements 

a. Requirement: Subsystem design shall comply with DOE Order 6430.1A, Section 1300.12, 
“Human Factors Engineering.” 

Basis: This requirement is per HNF-4160, Double-Shell Tank Transfer Valving Subsystem 
Speclficaiion. Rev. 0, Section 3.3.7. 

3.2.7 Specific Commitments 

No specific commitments have been identified. 

3.3 

3.3.1 

a. 

b. 

I. 

3.3.2 

Engineering Disciplinary Requirements 

Civil and Structural 

Requirement: All transfer-associated structures shall be designed to provide the required 
minimum functions of containment, shielding, and drainage. New transfer-associated structures 
shall be either welded structural steel per ANSUAISC N690 or reinforced concrete per ACI 349 
(safety class) or ACI 31 8 (general service or safety significant). 

Basis: This requirement is per HNF-4160, Double-Shell Tank Transfer Valving Subsystem 
Specification, Rev. 0, Section 3.3.1.e. 

Requirement: All structural welds shall be in accordance with AWS D1.l. 

Basis: This requiremeni is per HNF-4160, Double-Shell Tank Transfer Valving Subsystem 
Specification, Rev. 0, Section 3.3.1.h. 

Requirement: Nuclear and physical property reporting used in concrete radiation shielding 
design for transfer-associated structures shall comply with ANS 6.4. 

Basis: This requirement is per HNF-4160, Double-Shell Tank Transfer Valving Subsystem 
Specijication, Rev. 0, Section 3.3.6. I .  c. 

Mechanical and Materials 

Yo Mechanical and Materials requirements are identified for the ValvePump Pits and Cover Blocks 
System. 
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3.3.3 Chemical and Process 

Any applicable chemical and process related requirements are covered in other portions of Section 3. 

3.3.4 Electrical Power 

No electrical power requirements are identified for the ValvePump Pits and Cover Blocks System. 

3.3.5 Instrumentation and Control 

No instrumentation and control requirements are identified for the ValvePump Pits and Cover Blocks 
System. 

3.3.6 Computer Hardware and Software 

No computer hardware and software requirements are identified for the Valvehmp Pits and Cover 
Blocks System. 

3.3.7 Fire Protection 

No fire protection requirements are identified for the ValvePump Pits and Cover Blocks System. 

3.4 

3.4.1 

3. 

3.4.2 

1. 

Testing and Maintenance Requirements 

Testability 

Reauirement: All testing of equipment and instruments will have the ability to be performed 
without having to have personnel access the pits (other than with video cameras for leak tests) or 
without having to remove any equipment from the pit. Leak detectors and valve position 
indicators will be designed and installed to maintain remote testing capabilities. This is 
important from an ALARA standpoint and from a time to perform the task standpoint. Required 
tests must be able to be performed within their specified periodicity without impacting Waste 
Feed Delivery operations. This can only be accomplished by not having to remove the 
equipment and not having to perform pit entries. 

Basis: This requirement is per HNF-4553, Operations and Maintenance Philosophy, Section 7.4. 

TSR- Required Surveillance 

Reauirement: Verify that covers are operable - Once within 72 hours prior to removing an 
administrative lock from a physically connected waste transfer pump and once per 10 days 
thereafter. This TSR applies to cover blocks on all new pits. 
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3.4.3 Non-TSR Inspection and Testing 

No non-TSR requirements have been identified for the ValvePump Pits and Cover Blocks System. 

3.4.4 Maintenance 

a. 

b. 

C. 

3.5 

3.5.1 

Requirement: Components internal to the transfer associated structures shall be designed to be 
remotely removed, repaired or replaced, and operated. 

Basis: This requirement is per  HNF-4160, Double-Shell Tank Transfer Valving Subsystem 
Specijkation. Rev. 0, Section 3.J.l.a. 

Requirement: Components external to the transfer associated structures shall be designed for 
minimal contact maintenance and hands-on operation. 

Basis: This requirement is per HNF-4160, Level 2 Specification for  the Double-Shell Tank 
Transfer Valving Sysiem, Section 3.5.1.6. 

Reauirement: Cover blocks, valve manifolds, jumpers, and DST addition drop legs shall be 
provided with lifting attachment points for installation of the assembly into position. Lifting 
attachment points for valve manifolds, jumpers, and DST addition drop-legs shall be designed 
such that the assembly can be adjusted to hang plumb within f 2.54 cm (1-in.) over its length 
during installation with a crane. Below the hook lifting hardware, if required, shall be designed 
and provided with the assembly. Design shall be in accordance with ANSUASME B30.2 and 
DOE/RL-92-36. 

Basis: This requirement is per  HNF-4160, Double-Shell Tank Transfer Valving Subsystem 
Specification, Rev. 0, Section 3.5.1.d. 

Other Requirements 

Security and SNM Protection 

No security and SNM protection requirements are identified for the ValvePump Pits and Cover Blocks 
System. 

3.5.2 Special Installation Requirements 

No special installation requirements are identified for the ValvePump Pits and Cover Blocks System. 

3.5.3 

No Reliability, Availability, and Preferred Failure Modes requirements are identified for the 
ValvePump Pits and Cover Blocks System. 

Reliability, Availability, and Preferred Failure Modes 
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3.5.4 Quality Assurance 

Quality assurance requirements are shown on the Master Equipment List (MEL). 

3.5.5 Miscellaneous 

1.0 SYSTEM DESCRIPTION 

1.1 Configuration Information 

1.1.1 

The following provides a brief description of the major components of the ValvePump Pits and Cover 
Blocks System. 

1.1.1.1 Process Pits 
One new process pit will be provided by Project W-521, valve pit 241-AP-A, on the northeast side of the 
AP Farm. The dimensions of the pit will be sized to adequately contain the required transfer valves, 
lpmpers, and associated subsystems. The elevation of the pit floor will be set approximately 24-in. 
below the centerline of the lowest incoming transfer piping system to allow for correct nozzle elevation 
within the pit. The top of the pit wall will be approximately 12411. above the existing grade. Since the 
:over block will extend over the pit wall, conduits will be provided in the pit wall above grade (see 
Figure 4-1). Those conduits not in use will be capped off. 

Description of System, Subsystems and Major Components 

COVER BLOCK 

Figure 4-1. Cover BlocWPit Wall Configuration 
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The floor of the pit will be sloped toward a low point located in a comer of the pit. The pit drain will be 
located at this low point and will extend through the pit wall, where a tie-in will be made to the DST 
system. This prevents the pit from becoming a waste container, which would require secondary 
confinement. 

The location and construction of this pit must be coordinated with Project W-3 14. 

In support of the modifications being made to the 241-AYIAZ ventilation system, a new vent cell will be 
constructed at 241-AZ-702. The vent cell will be approximately 14 ft  6-in. wide by 19 ft  long and will 
extend 11 A 6-in. above grade (see drawing ESW-52144). 

4.1.1.2 Cover Blocks 

The cover blocks that require significant modifications by interfacing systems will be re-fabricated. The 
pits where the cover blocks will be replaced are: AW-OlA, AW-O3A, AW-O4A, AY-OlA, AY-OlB, AY- 
OlD, AY-O2A, AY-O2B, AY-O2D, SY-OIA, SY-O2A, SY-O3A, SY-A, SY-B and the 241-AF’ valve pit. 
Additionally, new cover blocks will be fabricated for the new 241-AP-A valve pit and the 241-AZ-702 
vent cell. 

The only pits that will require cover block penetrations for mixer pumps are AY-OlB, AY-OlD, AY- 
02B, and AY-02D. The exact size and configuration of the mixer pump penetration through the cover 
blocks will be finalized as the mixer pump design is completed. 

Depending upon the design selection of the transfer pump, provisions may have to be made to physically 
accommodate the size of the contained components. If this is the case, the pit cover block design will be 
modified preferentially over modification to the pit. Penetrations in the pump pit cover blocks will be 
made as required for the newly contained systems, with additional ports added for observation and 
inspection. 

The cover blocks will be designed to minimize radiation exposure to the worker, but will not be 
designed for continual occupancy (per 10 CFR 835.202). Shielding calculations will be performed to 
ensure radiation levels during the “worst case” transfer will fall below levels producing a “radiation” 
area (2 mremkr). The cover blocks for the existing pits will retain the same design for mating to the 
adjacent pit walls and other blocks as is currently utilized, with the exception of providing an overhang 
beyond the pit walls. The size, number, and location of the penetrations will be appropriate for the 
interfacing component(s) and required observatiodinspection ports. 

4.1.1.3 Support Structures 

Mixer pump support structures will be provided on all of the eight tanks within the project W-521 scope. 
All of the mixer pumps will be installed in a riser that is not located in a pit, with the exception of tanks 
AY-IO1 and AY-102, which will utilize existing pits for mounting of the mixer pumps. A cast-in-place 
foundation will be situated around each riser, not located within a pit, to support the mixer pumps. 
These concrete pads will be sized to distribute the load adequately to remain below 40 pounds per 
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square foot. The mixer pump support stand will include a slip flange that will slide into and seal the 
interface with the existing riser. The stand will support the full weight of the mixer pump and will 
prevent any of the loads from being transferred to the riser. Additionally, side loading calculations will 
be performed to ensure no side loading of the riser occurs during mixer pump operations. Each support 
structure will be coated with a special protective coating. 

4.1.2 Boundaries and Interfaces 

Subsystems that interface with the ValvePump Pits and Cover Blocks System are the Mixer Pump 
System, the Transfer Pump System, the DST Monitoring & Retrieval Control Systems and the Piping, 
rumper and Valve System. Table 4-1 provides a listing of system interfaces. 

DST Monitoring & 
Rehieval Control 

Piping, Jumper and 
Valve 

Transfer Pump 

1.1.3 Physical Location and Layout 

gew cover blocks will be installed on the majority of the pits that are within the scope of Project W-521. 
rable 4-2 provides a summary of the pits, their length and width dimensions arid the number of cover 
)locks required. 
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Inside Pit Dimensions (Ft) I Number of Cover Blocks 
241-AP VALVE PIT 16 X 41 8 

I 241-AW-03A PUMP PIT I 8 x 1 4  I 3 I 

241-AP-A VALVE PIT (NEW) 1 1 0 x 1 0  2 
241-AW-01A PUMPPIT 8 x 1 4  3 

241-AW-04A PUMP PIT 

4.1.4 Principles of Operation 

The Valvepump Pits and Cover Blocks System is a static system with no operations activities 
necessary. Prior to transfer of waste through the valve and pump pits, verification that the pit 
coverblocks are in place will occur. This activity is required by the authorization basis and will be 
initiated via approved procedures. 

4.1.5 System Reliability Features 

No specific reliability features for the design of the components discussed in this SDD have been 
currently identified. 

4.1.6 System Control Features 

4.1.6.1 System Monitoring 

8 x 1 4  3 

No system monitoring requirements are identified for the Valvepump Pits and Cover Blocks System. 

241-AY-01A PUMP PIT 
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241-AY-01B SLUICE PIT 
241-AY-01D SLUICE PIT 
241-AY-02A PUMP PIT 
241-AY-02B SLUICE PIT 
241-AY-02D SLUICE PIT 
241-SY-A VALVE PIT 

6 x 8  2 
6 x 8  2 

8 x 1 2  3 
6 x 8  2 
6 x 8  2 

lox 12 2 
~ 

241-SY-B VALVE PIT 
241-SY-01A PUMP PIT 
241-SY-02A PUMP PIT 

lox 12 2 
8 x 1 4  3 
8 x 1 4  3 

241-SY-03A PUMP PIT 8 x 1 4  3 
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4.1.6.2 Control Capability and Locations 

No control capability and locations requirements are identified for the ValvePump Pits and Cover 
Blocks System. 

4.1.6.3 Automatic and Manual Actions 

No automatic and manual actions requirements are identified for the ValvePump Pits and Cover Blocks 
System. 

4.1.6.4 Setpoints and Ranges 

No setpoints and ranges requirements are identified for the ValvePump Pits and Cover Blocks System. 

4.1.6.5 Interlocks, Bypasses and Permissives 

No interlocks, bypasses and permissives requirements are identified for the ValvePump Pits and Cover 
Blocks System. 

4.2 Operations 

The WFD Operations and Maintenance (O&M) Philosophy (HNF-4553) provides the project with 
constraints and guidance on system operations and developing operations procedures. The O&M 
Philosophy and the WFD O&M Concept (HNF-1939, Volume IV) are the primary bases for developing 
the Project Operations Plan. The O&M Concept is strongly influenced by the primary interfaces with 
the WTF. Significant penalties and /or increased costs may be incurred for failure to provide wasted 
feed of sufficient quality and quantity. Therefore, new facilities and upgrades of existing facilities are 
being designed such that there is minimal dismption of WFD due to system failures. System design and 
operation is optimized to support availability, reliability, and accommodate parallel processes where 
appropriate. Most of the concepts in HNF-4553 are related to keeping the WFD systems operating 
while supplying feed to the WTF and minimizing the shutdown time necessary for maintenance and 
repairs. 

Systems are designed to be as reliable as possible with little or no preventive maintenance or testing 
required. The higher initial costs associated with more robust SSCs will be recovered through reduced 
iown time, repairs, and avoiding contractual costs from the inability to provide feed to the WTF. The 
3perations Plan and Operations Procedures development are developed in coordination with interfacing 
xojects to ensure a consistent OgLM concept is implemented for all waste retrieval systems supporting 
WFD. The guidance for preparation and content of operations documentation is provided in HNF-IP- 
3842, Volume IV, Section 2.15 “Operations and Maintenance Planning Process” and on the River 
Protection Project (RPP) Systems Engineering Web Site. 

~ _ _ _ _ _ _ _  
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Prior to each initial system startup, readiness to start-up will be verified to meet the intent and 
requirements of the PHMC procedure for facilities startup and readiness, RPP-PRO-55 “Facilities Start- 
Up Readiness” which implements DOE Order 425.1, Startup and Restart of Nuclear Facilities. The 
level and type of review will be conducted at the lowest practical level commensurate with the project 
safety risk. 

4.2.1.1 Initial Configuration (Pre-Startup) 

Prior to each transfer of waste through the waste transfer piping, any leak detection associated with that 
line will be verified to be within calibration and have had a hnctional test performed. 

4.2.2 System Startup 

New valve and pump pits will be started up as part of the approved transfer procedures for that specific 
tank and will be performed by qualified operators. 

4.2.3 Normal Operations 

New pits and cover blocks will be utilized in accordance with the approved operating procedures for 
each specific transfer. This will involve the performance of applicable Surveillance Requirements prior 
to and during all waste transfers. 

4.2.4 Off-Normal Operations 

Off-normal operations will be covered in the applicable operating and emergency response procedures 
for the specific transfer that is associated with a given pit. 

4.2.5 System Shutdown 

The pump and valve pits will be shutdown as part of their respective transfer system operating 
procedures. 

1.2.6 Safety Management Programs and Administrative Controls 

rhese controls will be defined as the design progresses. 

1.3 Testing and Maintenance 

1.3.1 Temporary Configurations 

;n order to perform some maintenance and testing activities, it may be necessary to align the system 
ither than that for normal operations. Any situations requiring temporary configurations will be 
:ontrolled via formal work procedures to ensure normal system configuration is restored when the 
naintenance or testing activity is complete. Under no circumstances will the system be allowed to 
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operate with a temporary configuration until a formal temporary procedure change is written and 
approved. This procedure change process will ensure a USQ screening is performed and that the system 
will not be operated outside of its Authorization Basis. 

4.3.2 TSR-Required Surveillance 

The TSR Required Surveillance related to maintenance and testing of the ValvePump Pits and Cover 
Block systems is as follows: 

4.3.3 

Speci 

AC 5.22 (Transfer System Cover Removal Controls) requires that a program shall be maintained 
to control transfer system cover removal and specifies that operations “Establish procedures that 
identify required operator responses to the detection of a waste leak.” 

Non-TSR Inspections and Testing 

c non-TSR inspections and testing for the ValveiPump Pits and Cover Blocks System have not 
been identified. However, appropriate preventive and predictive maintenance will be performed to 
maintain the equipment in a satisfactory condition throughout the design life. 

4.3.4 Maintenance 

4.3.4.1 Post Maintenance Testing 

Specific post maintenance testing activities for the ValvePump Pits and Cover Blocks System have not 
been identified. However, post maintenance testing will be conducted to ensure maintenance is properly 
performed, the identifieaoriginal deficiency is corrected, and the equipment is restored to an operational 
status. The rigor of post maintenance tests will be based on the extent of maintenance performed and 
the importance to plantkystem safety and reliability. Post maintenance testing will be performed and 
documented in accordance with HNF-IP-0842, Volume V, Section 7.2, “Post Maintenance Testing”, and 
HNF-lP-0842, Volume IV, Section 4.28, “Testing Practices Requirements.” 

4.3.4.2 Post Modification Testing 

Specific post modification testing for the ValvePump Pits and Cover Blocks System have not been 
identified. However, post modification testing will be essentially the same as post maintenance testing. 
It is performed to ensure that the safety related functions of a system still perform satisfactorily after the 
system or equipment has been modified. Post Modification Testing is performed in accordance with the 
same guiding documents used for Post Maintenance Testing. The structural intkgrity of the modified 
pits and cover blocks will be verified by calculation. 

~ 
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